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PREFACE 

In the summer of 1916, sevenU State hi^way engmeera re- 
ported to the American Highway AflSociatiOQ that there was 
need of a concise explanation of the best current practice in locat- 
ing, constructing and maintaining country roads, not combined 
with information about city pavements. It was found by these 
engineers that the information in many excellent engineering 
tr^tises proved confusing to rural road officials because they 
did not have sufficient technical knowledge to draw a line be- 
tween what was applicable to country highways and what was 
reetricted to urban conditions. Inquiry showed that such an 
outline of rpad-building would be welcomed by the road officials 
of other States, and the preparation of this book was accordin^y 
b^^un. 

Highway engjneeis in all parts of the obunti^ generously con- 
tributed matenal and adnce. Special attention was paid to 
ascertaining reafiom for unusual methods, in order to avoid the 
publication of anything useful only in restricted localities and 
possibly leading to trouble if tried generally. The purpose was 
to furnish information of a national value rather than an expres- 
sion of the views of a few individuals, who inevitably have per- 
sonal preferences and prejudices. As each section was finished 
it was submitted for criticism to en^eers or chenusts with 
special knowledge of the subjects discussed, and most of the chap- 
ters formed by combining these revised sections were sent out 
to other engineers for further criticism. Some of the chapters 
were revised a number of times before they were finally ap- 
proved. As a oonaeQuence, although my name appears as the 
author on the title page, the book is rather the product of the 
coSperation of over fif^ of the leading American highway engi- 
neers and the patient and iuteUigent hftDHling of the details of 
the work by Afiss Isabelle Stockett, at the time chief clerk of the 
Americftfi Highway Association. 

This book appeared originally as Part H of the 1917 Good 
Roads Year Book. Its wide circulstion, the many references to 
it to technical journals, and its use as a textbook by engineering 
conges, indicatmg that the volume had won a distinct position 
in t^hnical literature, led the Directors of the American High- 
way Association to assign the copyright to the D. Van Nostrand 
Company, when the Association was dissolved a few days ago. 
By this action the results of the coolierative labors of so many 
specialists will remain available to the public. 
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Added to the text as it appeared in the Good Roads Year 
Book is a chapter on the reasons for improving roads. This is 
part of a "good roads manual" for public officials, not techni- 
cally educated, which had considerable circulation in manu- 
script form among road commissioners applying to the American 
Hi^way Association for such information. It is printed here 
as a concise justification of the expenditure of public funds for 
road improvements, a subject wluch highway engineers must 
frequently discuss at public meetii^. 

John M. Goodell. 

Upper Montdair, N. J., March, 1918. 
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LOCATION. GRADES. WIDTHS AND CROSS- 
SECTIONS OF RURAL ROADS 

The improrement of aor road or system of roads must begiii 
with a Btudy of its location and grades, for imimproved roads 
are often bad in both respecta. Tdb purpose of rdocation is to 
enable the road to carry the anticipated traffic with the least 
effort and loss of time. It ia impracticable to relocate all roads 
and improve their grades at the present time, and hi^wa? offi- 
cials must be satined with gradually eliminating or at least 
reducing the defective conditions. In order to carry on this 
work efficiently, however, the entire system of roads under a 
board or commission must be studied as a whole, so that the 
whole body of taxpayers may be benefited as unifonnly as 
practicable by the work done annually. The work should be 
planned in a broad way several years in advance, if possible, for 
it is only in this way that the needs of all parte of the district can 
be met without favor or prejudice. This is particularly important 
where the needs are great, the road funds meaeer, and property 
has been developed along locations where roads ^ould never have 
been laid out. The situation in such cases has been summed up 
as ft^ows by W. S. Keller, State highway engineer of Alabama: 



koep th«m in panable condition diaheartons tho man who ia by law com- 
pelffld to work them. Until these roada are relocated, avoiding heavy Kradea 



Location. — It is evident that the road should be as nearly 
straight between the points it connects as the configuration of the 
country traversed w^ permit. It is desirable, however, to re- 
strict grades to 6 per cent and to avoid expensive cuts, fills 
and bridges. To locate the road properly and meet all local 
conditions in the best manner requires competent engineering 
services; if they are not obtained there is a strong probability 
that ^ter the country develops new locations must be made to 
meet the increased transportation needs and the expenditures 
for new rights-of-way will be far greater than to-^y. But if, 
tor the present, engineering services are out of the question, the 
road authorities can at letut relocate roads that are plsonly im- 
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necesBarily low and loarahy and unneoeBsarily steep and high. 
This ia particularly the case where roads have been laid out on 
the BectioTt lines of the government land surveys. However 
desirable the rectangular parceling of unoccupied land may 
have been in attracting settlers, it has proved a heavy handicap 
on transportation by introducing many right-angle turns and 
causing needless length in the roads of these r^ons. The fol- 
lowing comment on this condition was made by W. S. Gearhart, 
State engineer of Kansas: 



pies 10.28 acres. Thus there is a mving in the diagoiml road of 4.27 aerea 
and 0.5S7 mile of distance. The saving in the cost of right of way, aMum- 
ing that the land along the section line is as valuable as on the diagonal 
line, is (86.40 if the land is worth only S20 per acre. This amount in most 
eases would be sufficient to grade the 1.413 miles of diagonal line in Srat- 
olaat condition. If a man lives 4 miles north and 4mile8 east of his market- 
place he is S.6G7 miles on the dia«ouaI line from it; that is, on the section- 
line road he must travel 4.SS6 muea farther in making the round trip than 
on the diagonal line. 

The same offidal has reported that a coimty commission built 
a mile of road on a section line, which crossed the same stream 
three times. By adopting a somewhat different location and 
making the road 1} nules long, the stream would be crossed but 
once and the road become of greater service to the community. 
"More than S3,000 worth of steel bridges were bouf^t, it wUl 
cost not less thiian about (2,500 for the abutments to set these 
three structures on, and an expenditure of $2,500 will be neces- 
sary to make the road passable, or a total of about $8,000 to 
accommodate four men whose property is reported as probably 
not worth as much as the cost of the road." Instances of this 
nature prove the desirability of having roads located by engi- 
neers without interference from political or personal influences. 
The assertion that such services are unnecessary in connection 
with such relatively inexpensive higbways as dirt roads is best 
answered by pointing to the action of the Utah State road com- 
mission in substituting an entirely new location about 15 miles 
long for an old route in Beaver Ci3unty. This was done by the 
engineers because the new hne had better alignment, grades and 
road materials. 

The influence of soil conditions and the presence or absence of 
road materials may not be given due consideration in locations 
made by persons who are not engineers. The following comments 
on this point were made by A. N. JohnEKm in a report on the high- 
ways of Maryland: 
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Should it happen that two locations are possible with about equal ad- 
TantazeB and diaadvantaKSB, encept that one was over a different soil from 
the other, that location snould be taken which traverses the soil best cal- 
culated to insure a good road-bed. For example, if it were possible to 
avoid going throUEh aclav section when a more open soil could b« had 
close at hand, mueu would be saved both in the cost of construction and 
in the subsequent maintenance by ^oing over the more open soil. It is 
hardly neceBsarf to stat« that crossing soft, boggy soil should be avoided 
whenever the escpense of going around such a place would bo no more than 
for crossing it. If possible it is always well to locate a road in the vicin- 
ity of good road-material, either a suitable stone or gravel, for the proz- 
imity of sueh material lessens for all time the cost of maintenance of the 
road, and when this point is considered such a location would be war- 
ranted even at an increaaed firat cost. 
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Fbofilx of Koad in Bai.tiiiork Countt, Md. 

Showing How Belocation Saved a Large Sum in the Improvement of the 
Boad. 



Yakue of Engmeering Services. — Few persona realize tbat the 
expense of engineering services in relocating old roads is gener- 
ally more than offset by the saving in the cost of cottstructioa 
of a properly located road over one improperly located. The 
engineer knows how to fit the road to the ground in hilly country 
so that the material from the cuts may be used in making near- 
by embankments and costly rock excavation will be reduced to 
the lowest practicable amount. On the Maryland State high- 
ways, the expense of moving 100 to 150 cubic yards of earth is 
from S50 to S75, which is equal to the coat of making a mile of 
careful surveys that may be reasonably expected to save more 
tJian 150 cubic yards of such earthwork. The accompanying 
illustration shows the saving in excavation expenses on a road in 
Baltimore County, Md. The hilly character of the old road 
made necessary heavy reductions in grade to give a highway prop- 
a\y accommodating the traffic. The heavy cutting to give suit- 
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able grades along the old location ia shown by the diagram, 
while the light excavation and filling reqmred on the new loca- 
tion ifl also indicated. Such savings of cost can only be made 1^ 
competent engineera. The amount of detail which the engineers' 
survey muat njmish depends on the character of the road to be 
built and the nature of the country. Less detail ia necessary 
for an earth road in a flat country than a brick road in a hilly 
district, for example, but enough should be obtained to make 
sure that the final location ia along the line on which the cost of 
transportation plua the interest on the first cost plus the cost of 
maintenance of the road will be the minimum for the available 
funds for first cost. The last point is important, for the best 
location is often governed by tiie amount of money which can 
be spent on construction. 

In carrying out extensive work by contract, experience shows 
that low bids front responsible contractors are best secured when 
full information tb obtained for their use in preparing estimates. 
For instance, in carrying out road improvements in Vermilion 
County, Illinois, under a $1,500,000 bond issue, about 1800 draw- 
ings of plans, profiles and cross-sections were prepared in the 
first two months of the work. These were plotted on Plate 
A 4 by 20 profile paper cut into 32-inch lengths. The longitu- 
dinal scale of the plans was 80 feet to 1 inch and the tranverse 
scale 40 feet to I inch. The horizontal scale of the profiles was 
80 feet to 1 inch and the vertical scale 4 feet to 1 inch. The 
plans show i^ section corners, bench marks, fence lines, shade 
trees, farm entrances, property owners' names, drains and cul- 
verts to be built, and any other data necessary for a complete 
knowlec^ of the working conditions. The cross-sections are 
plotted on a scale of 4 feet to 1 inch. An 1 1 by SJ-ini^h map was 
made of the location of 14 sources of sand and gravel, the plants 
fumishii^ paving brick and the railways running from them to 
the district where the roads were to be built, and 24 by 20-inch maps 
were made showing the roads, railways and sidings available for 
contractors' use. The existing road grades were shown on sm^ 
maps, and other small maps showed the location and aze of pro- 
posed bri(^s and culverts. 

Oradea. — The effect of grades on hauling is usually stated in 
the following nuumer: If a horse can pull 1,000 pounds on a 
level road, he can pull 810 pounds with the same effort on a 2 
per cent grade, 720 pounds on 2^ per cent grades, 640 pounds on 
%\ per cent grades, 540 pounds on 4 per cent grades, 400 pounds 
on 5 per cent grades and only 250 pounds on 10 per cent grades. 
These figures are only approximate but they show the impor- 
tance of reducing grades as much as possible where traffic is heavy. 
Where traffic is not heavy, the cost of reducing grades below 3 
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or 4 per cent, if it must be done by expensive construction or 
conadersble lengthening of the road, is generally considered -an 
unwarranted expense. 

A thoroi^hly consolidated roadbed is a valuable public asset 
and in planning grade improvements it is sometimes undesirable 
to cut 6 to 12 Inches into such a road for a long distance in order 
to secure a theoretically perfect profile. 

Where a road will probably have considerable automobile 
traffic the grades up a hill should be flattened somewhat at the 
top if necessary, so the driver can see an approaching car when 
it is 300 feet from him. When the change in grade at the sum- 
mit is not more than 6} per cent, no flattening is necessary. If 
the change is 10 per cent a vertical curve about 200 feet long 
should be employed; for a 13 per cent change, a curve 292 feet 
long uid for a 16 per cent change, a curve 3^ feet long. 

Widiht. — ^Highway commissions in many parts of the country 
are reporting that their roads are often too narrow to accommo- 
date the traffic coming on them as soon as they are improved. 
State Highway Commissioner Everett of New Hampshire re- 
ports that the standard width of 21 feet from ditch to ditch 
is not wide enough on many of the roads under his jurisdiction, 
and the experience of the Wayne County road conmussion, in 
Michigan, shows that the minimum width of hard-surface road- 
way in the district around Detroit should be 16 feet and 18 feet, 
and should be adopted wherever practicable. These comments 
relate to double-width roads. A width of 8 feet, previously used 
for single-width roadways, ia now generally considered too nar- 
row'and 9 and 10 feet are advocated. 

Many «f the State highway departments have established 
standard cross sections for earth roads. The present standards 
in Wisconsin are shown in the diagrams on the next page. They 
are also the standards for macadam and gravel roads having 
a hard surface 9 feet in width. Where the slopes are notindicated 
they are made in accordance with the accompanying table. 
Guard rails are used when the vertical distance from the edge 
of the shoulder to the top of the ditch is more than 4 feet. 
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The Wisconain sections are wide enough to cany a 16-foot 
roadway. It is now generally held that the distance from ditch 
to ditch should be 24 feet, even for a single-width road, if local 
conditions permit. In some States, where the legal right-of-way 
is only 30 feet, it is impracticable to secure 24 feet between 
ditches and have proper fences and banks along the road where 
it is in cuts. It is necessary to obtain extra wide rights-of-way 
in such cases or to make the road narrow. 

It has been claimed that if a hard surface is placed on a road- 
bed, the width of this pavement need not be so great as when 
the traffic is carried by a less durable surface, and consequently 
a smaller width between ditches and less earthwork are required. 
This argument ignores the fact that a narrow roadway concen- 
trates the travel and may cause the improved surface to carry 
a volume of traffic for which it is unauited. For this reason 9 
and 10 feet for a single-width surfaced roadway and 16 or 18 feet 
for a double-width roadway are generally favored. In recent 
3rears a new factor has become important in determining the prop- 
er width of hard surfacing. Heavy motor trucks and omni- 
buses are now in regular service on many roads. If they turn 
off a hard surface on to a soft shoulder they may become mired 
or unmani^eable and crash through fences or guard rails before 
the brakes stop them. The driver is usually on the left hand of 
such a truck where he cannot easily see the edge of the hard 
paving, and consequently he keeps his truck well toward the 
center of the road in order to avoid trouble on the shoulders, 
although the driver of a lighter vehicle would keep farther over 
to the side. 

Where the road is used by carts or trucks that make a loaded 
trip in one direction only, as well as in other sections where funds 
are not available at present for a double-width paved roadway, 
an 8 to 10-foot pavement has been laid on half the road, with one 
side along the center line, as though a similar pavement were 
to be laid at once on the other side of the road. 

Rights-of-way. — ^The width of the road is restricted in the older 
parts of the country by narrow rights-of-way, which are trouble- 
some limitations on road improvements. Cuts and fills of more 
than a few feet widen the strip occupied by the road, ditches and 
side slopes. Telephone poles and trees along the road require 
space, and provision for both is desirable. As a result of long 
experience in Massachusetts and California, reinforced by ob- 
servation in many other States, Austin B. Fletcher, state high- 
way engineer of Califonua, recommmends securing a minimum of 
60 feet for rightK)f-way, and 60 feet wherever practicable. 

Acquiring rights-of-way is an annoying feature of the work of 
highway commissioiis, and in any extensive undertaking expe- 
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rience shows that the beErt results are obtained if the btinness ia 
handled by one man, with whatever assistaoce is needed. Dip- 
lomatic methods are best but legal warfare is sometimes neces- 
sary, and whatever means must be used should be employed 
promptly in order to have the right-of-way available for construc- 
tion as soon as it is time to begin work. In some States, it is un- 
necessary for the authorities to pay for private property taken 
for public use in advance of actually taking possession. If 
the property owner is dissatisfied with the original offer of pay- 
ment or the award made to him by the public authorities, he 
may pursue his remedy in the appropriate court, even though his 
land has already been occupied bj> the public. In other States 
no rights-of-way can be taken b^ore they have been acquired, 
after a vast amount of red tepe, bji donation, purchase or condem- 
nation. The western States are particularly oppressed by such 
roundabout methods of entering upon private property to carry 
on improTcmenta for the benefit of the entire community. 

It has been Mr. Fletcher's experience that the expense of ob- 
taining abstracts of title to ascertain the ownership of land is 
unnecessary. The method he has employed in securing rights- 
of-way for hundreds of miles of California highways is the fol- 
lowing; When the field parties are making the original surveys, 
the chiefs of party usually inquire from the occupants of the land 
surveyed who the owners or those interested in the property may 
be. This gives a clue to the ownership. Thereafter one of the 
stoff visits the proper county officers and ascertains from the 
assessment rolls or the records who purport to be the owners. 
Deeds or agreements are then prepared, containing the proper 
descriptions, and it is very rare, indeed, that any objection has 
been made to the accuracy of the instrument submitted. By 
thus performing its own title searches, even though thay may 
not have always been the most exact from a title lawyer's stand- 
point, the authorities have saved thousands of declare and have 
never hod an injunction or ejectment proceeding instituted 
i^ainst them by objecting land owners. 

Cloves. — Sharp curves and right-angle intersections are danger 
places where vehicles move rapidly. The width of the roads 
should be increased on sharp curves, except where it is already 
wide, and the right-of-way at right angle intersections should be 
widened and cleared so as to give drivers on the crossing roads 
a good view of approaching vehicles. This ia not always prac- 
ticable, unfortunately, but road commissions should keep in 
mind that these places are dangerous, that it is their duty to 
reduce the dangerous conditions on the roads under their charge 
and that it is less expensive to improve these places now than it 
will be later. 
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On curves on a road with a uniform crose-fiection there is tk 
tendency for the driTers of motor vehicles to Btsy on the inside 
of the curves because the centrifugal effect of passing on the 
outside is unpleasant. In order to make motor travel equally 
agreeable on any part of the cross-section of curving roads, it is 
now the practice to superelevate the outside of the road, as is 
done on railways. Experiments with different angles of super- 
elevation on California roads have led the highway department 
of that State to adopt a slope of j-inch rise to each foot of width 
of the roadway on all curves having radii of 300 feet or less. 
The transition from the standard crowned cross-sections to the 
uniform transverse slope stated is made in a distance of about 
80 feet. In passing from the straight to the curved road, the 
outside of the road is gradually made horizontal and then grad- 
ually tipped up until there is the same slope throughout the sec- 
tion from the inside to the out^de edge. In this transition the 
made edge remains at the same elevation it would have if the 
ordinary crowned cross-section were maintained: the change 
is made by adding to the height of the other parts of the standud 
section, BO the improvement is generally called "banking the 
curves." 

Grade Crossings. — The elimination of grade crossings is a prob- 
lem that frequentiy complicates the location or relocation of 
highways. The usual method of carrying the road under or over 
the railroad tracks is so costly that its general use on rural roads 
is impracticable. Some of the narrow underpasses with sharply 
curving approaches that have been built on nmds used by numer- 
ous automobiles at high speed are almost as dangerous an the 
grade crossings they replace. Attention is therefore being ^ven 
more and more to comprehensive relocation as a means of re- 
ducing the number of ^^e crossings and making those remain- 
ing less dangerous than before. For example, there was a Wis- 
consin road 23.9 miles long with 16 grade crossings and 15 
such crossings on branch roads feeding it, in addition to 3 under- 
passes and 2 overhead bridges. A careful study by the State 
highway commission showed that by reasonable relocation the 
total number of crossings could be reduced to 16 at grade, 4 
underpasses and 2 overhead bridges, and the 16 grade crossing 
would be on the branch roads, none remaining on the main road. 
The total cost of right>of-way and construction for such an im- 
provement was estimated at $35,000, much less than the cost of 
elimination in the usual manner. 

The New York State highway department has had a long 
experience in treating grade-crossing problems and as a result 
has adopted the following general rules for location at such 
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1. The alignment should be laid out so that approaches are 
on a tangent which is at least 400 feet long, 200 feet on each aide 
of the crossing. The angle that the highway makes with the 
nulroad should not be less than 60 degrees. The grade of the 
approaches should not be greater than 6 per cent, and there 
should be a portion level or nearly so for a distance of not leai 
than 100 feet oa each side of the croesing. 

2. On the highway within 200 feet of the railroad, on each 
side, traffic should have a clear view of approaching t^ns for a 
distance of 1,000 feet. (See Rule 5.) 

3. The width of the planked crossing shall not be leas than 

24 feet, measured at right angles to the center line of the high- 
way. The ends of the pavement should be protected by an edg- 
ing of stone or concrete placed at a sufficient distance from the 
ends of the ties to allow for replacing them. 

4. A standard danger sign should be placed at each side of 
the crossing along the highway in a prominent location at least 
400 feet from the crossing. 

6. When the view of the railroad either way, as required in 
2, is less than 1,000 feet, or when there is a great deal of traffic 
on either the highway or railroad, or when vision may be 
blocked by care or trains as in the case of a railroad with two 
or more tracks, a flyman should be employed to warn highway 
traffic. 

The New York State highway department's rules for the elim- 
ination of grade crossings are as follows: 

1. Subways shall have a clear head-room of not less than 13 
feet and a clear width between abutments of not less than 26 feet. 
The approaches when in a cut shall have a minimum width of 

25 feet between bottoms of slope. When a highway passes over a 
railroad the clear height over said railroad sl^l be not less than 
21 feet and the approaches when on embankment shall be not 
less than 28 feet wide across the shoulders. 

2. The alignment and grade of approaches shall be such 
that traffic at any point within the limits of the elimination 
will be able to see that approaching it for a distance of 300 feet. 
The maximum allowable grade shall be 6 per cent. 

3. Bridges carrying railroads over highways shall be of a 
solid-floor, ballasted type. Drainage of such floors shall be 
such that water will not drop upon the roadway. Bridges cor- 
ryii^ highways over railroads shall have solid concrete floors 
with a minimum width of roadway of 18 feet. 

4. When an elimination is made on a highway already im- 
proved, the pavement shall be of the same type as the existing 
pavement. If the highway is not improved the pavement shall 
be the same as that contemplated. 
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5. Subways shall be drained in a thoroughly satisfaotoiy 



6. The limits of an elimination shall be taken as the points of 
intersection of the approach grades of the elimination with the 
grade of the existing highway. 
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REGULATIONS OF THE CALIFORNIA HIGH- 
WAY COMMISSION REGARDING 
SURVEYS AND PLANS' 

Pari 1. Swveys 

(a) Note Books. — Survey note books will be fumiBhed to the 
chief of -party by the Division engineer. No survey note book 
other than the standard book bo fumiahed shall be used, and 
the use of loose sheets is prohibited. The notes placed therehi 
shall be the "original" notes of the survey and shall not be copied 
from sheets or from other books. 

The standard book shall be used for alignment, topography 
and levels, and for all other information whidi the survey parties 
are required to secure; all notes shall begin at the bottom of ths 
page and read upward. 

On b^jnning a surrey the chief of party shall see that a propel 
entry of the Diviuon, coimty and route, is made upcm the label 
pasted to the inside of the front cover of the note book. 

Attached to the back cover of each book are several pages 
showing the "standards" required in all surveys. All survey 
notes £all conform in so far as possible to such "standards" to 
the end that all surveys and the manner of taking the notes thereof 
shall be uniform throughout the irork. 

At the beginning of each day's work the following data shall 
be entered in the book: Date; weather conditions; names of 
members of party and duties of each. 

When no notes are taken on a working day or portion of a 
day, the date shall be entered and the reason for the loss of time 
shall be stated clearly and concisely. 

All survey and other notes shall be suitably indexed on the first 
ruled pt^ of the note book. 

Every day at the close of the work the notes shall be cofued 
neatly upon specially printed sheets furnished by the division 
engineer and numbered consecutively, and after careful check* 
ing such sheets shall be forthwith forwarded to the division 



No note book shall contain notes relating to more than <me 
route or to more titan one county. 

'From Austin B. Fletcher, State Higfaway £bigineer of California. 
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(b) Alignment Notes. — The base line of the survejc sh&ll be 
refeired to the true meridian, which shall be determined by ob- 
serration od polaris. The chief of party before beginning a sur- 
vey Bhall procure all tables and other data needed for such deter- 
mination and obBervations shall be made from time to time to 
ensure the accuracy of the work. The line shall also be checked 
by magnetic bearings taken at each transit point. All an^es 
in the base tine shall be azimuth angles read from the back sight 
and repeated with the telescope revised. 

Complete traverses shall be run in all surveys and computed 
in the field. If the error of closure exceeds 1 : 5000 the division 
engineer shall be notified and the party shall not move canq> until 
he has authorized such moving. The closures shall be completed 
and computed in such lengths as the division engineer shall 
prescribe. 

The base line shall be as nearly as may be in the center of the 
int)posed road. When it is apparent that a tangent base line will 
not follow the approximate center of the proposed road, a curve 
of suitable radius shall be run. Curves shul be measured by 
computing the length of the arc and not by chords. 

If the survey folows an ft'nutiTig road, wire nails not less than 
5^ inches in length shall be driven flush with the traveled way at 
all fuigle points in the base line, at the beginning and ending of 
all curves and on long tangents at intervals not exceeding 1000 
feet. 

When the base line does not follow a traveled way or when the 
roadway is so soft that nails will not hold their position, wooden 
stakes driven flu^ with the ground shall be used and the transit 
point indicated thereon by a small nail. 

All transit points shall be properly refer^ced as provided 
under the caption "Stakes." 

Stations shall be established every 100 feet on the base line 
and indicated hy short wire nails driven through bits of red 
cloth into the ground to serve as temporary marktf s during the 
survey. The stations and half stations shall be also permanently 
marked by stakes set on both sides of the proposed road suffi- 
ciently far removed from the base line to prevent their being dis- 
turbed during the building of the road. 

(c) Stakes. — ^All stakes which are to be used for establishing 
grades shall be made ftnm 2x3 inch scantling, from 24 to 30 
inches in length, laid fiat and sawed dii^onally into two wedges, 
with the sh^ ends approximately i inch thick. The lutnber 
from which the stakes are made ^aaH be sound, reasonably &ee 
from knots, and planed on all sides. These stakes shall be driven 
into the ground to about one-half of their length with the 2^ch 
face puwel to the base line. On the right side of the road Uw 



,y Google 



14 AUERICAN mOHWAT ASSOCIATION 

station number shall be marked plaiidy on the side of the stake 
facing Station O, and on the opposite aide of this stake shall be 
marked to the nearest tenth, the offset from the base line. The 
face toward the road must be reserred for marking during con- 
struction. On the left hand side of the road, the offset from the 
base line shall be marked on the side of the stake facing Station 
and the station number on the opposite side. 

All stakes used to mark monuments and for transit points shall 
be wedge shaped, not less than 1 foot in length nor lesa than } x 
2-inch at the top. Such stakes shall be driven flush with the 
^und unless they are so located as not to endanger the travel- 
mg public. Short nails driven into the tops of these stakes shall 
indicate the monimient and transit points. 

All monimient and transit points shall be refer^iced by three 
ties to natural objects or, if such do not exist, to stakes, as shown 
by the "standards" at the back of the note book. 

(d) Topography. — All objects, such as houses, bams, fences, 
gates, field entrances, trees, telephone and telegraph poles, power 
Unes, railroad and railway tracks, within a distance of 150 feet 
on either side of the base line shall be located by offsets from the 
base line and recorded in considerable detail, and the limits of 
the "traveled way" on all existing roads shall be indicated. 
Separate sketches, with levels and dimensjons of all essential 
features, shall be made in the note book of all bridges, large cul- 
verts and other appurtenances of the road, and pluuly refei^ 
enced in the topography notes. 

The azimuth from the back sight to the boundary lines of all 
incorporated cities and of all counties shall be ascertained and 
recorded. The asimuth of the boundary lines of all entering 
and intersecting highways, of township lines, and of division 
lines between property holdings shall be ascertained and re- 
corded with reasonable accuracy, and when feasible the names 
of the ovnasn of property abutting on the proposed road shall 
be recorded. 

When it is desirable to locate topographic features from a 
sub-tangent, the station will be measured from the nearest end of 
the curve. 

(e) LeiieU — ^Whenever there is a known government bench 
witlun 3 miles of the survey, the datum plane of such bench shall 
be adopted for the work. If no such bench is available, a H&tum 
plane shall be assumed at such an elevation as will be low for all 
parts of the survey. 

Benches shall be established during the progress of the work 
at each end of the survey, at city and county Ones, and at other 
convenient points not more than 1000 feet apart, and at shorter 
intervals on grades. 
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Wliere no permanent objects or structures exist, a long, sub- 
stantial stake shall be driven firmly into the ground and prop- 
erly referenced. 

On bench markB, at turning points, and on construction stakes, 
elevations shall be determined to hundredths of a foot. 

Cross section levels shall be token to tenths of a foot at each 
100-foot station and at half stations, at entering and intersecting 
roads, for not less than 200 feet from the base line, at driveways 
and field entrances and wherever the surface of the ground changes 
abruptly. The elevation of the center of the traveled way of 
an existing road shall be taken and properly noted when it does 
not coincide with the base line. The cross sections shall include 
the whole width between fences, and where the grade is likely to 
be changed substantially the cross sections shall cover a width 
sufficient to iQclude all ground likely to be affected. 

Sections shall be taken at all culverts and water croBsings, and 
elevations shall be taken a sufficient distance up and down all 
streams to afFord data for designing new structures. 

(f) Oenertd Data. — ^The survey notes shall contain data con- 
cerning; 

1. The location of outcropping boulders and bedrock, suitable 
for road metal or concrete. 

2. The location of all quarries near the proposed road. 

3. The location and approximate quantity of field stone 
available in the vicinity of the road. 

4. The location of all gravel pits. 

5. The location of points where good river sand can be obtained. 

6. The available points where water for ^rinklers and steam 
rollers can be obtekined. 

7. The location of all railroad spur tracks or sidinf^ within rea- 
sonable haul of the proposed highway and the name of the railroad. 

8. The most advantageous locations for rock crushing plants 
along the road. 

9. The current wages paid to teamsters and laborers in the 
locations through which the road will pass. Amount paid for 
hire of mules or horses (without driver) per day. Amount paid 
for man and two-horse team per day. 

10. The locations where special imderdrains should be in- 
stalled due to the existence of unstable sub-soil conditions. In- 
quiry should be made of residents and local officers regarding 
spots that break up badly in wet weather. 

11. The approximate area of the watershed at each stream 
crossing if it can be readily obtained. All high-water marks 
should be noted and inquiry as to whether or not water over- 
flows the road. 

12. All g^eral information that may prove of value in the cod- 
struction of the highway. 



,y Google 



16 AKBBICAN HIQHWAT ASBOOIATION 

Part 77. Plana 

(a) DrcffUng. — AU drafting bo far as possible shall be done in 
the division offices. At the Sacnunento headquarters, the draft- 
ing shall be limited to work of a general nature, such aa the de- 
sign of standards, seneral maps and to such revision work of 
the plans made in ue division offices as may be necessary. No 
drafting shall be done in the earmy party camps except such as 
'8 immediately needed in the momitainous country to facilitate 
the choice of unes and grades. 

The plana, profiles and croes-sectiona shall be plotted in the 
division offices from the copies of the survey notes sent in daily 
by the survey parties as required under the rules for surveys. 

(b) Working Plana. — ^The plan and profile of every road survey 
shall be plotted on detail paper 30 inches in width and of auch 
length as may be found convenient, the plan to be plotted above 
the proffle, and such drawings shall be known aa the "Working 
PlaiM." 

Flans and profiles shall be plotted from left to right, the plan 
on the scale of 1 inch to 100 feet and the profile to the same hori- 
BOntal scale and to the vertical scale of 1 inch to 20 feet. 

The b&se line of the survey shall be plotted by coordinates 
obtained from the traverse sheets which have been made and 
calculated in the survey camps and said baae line ^all be inked 
in red before the topography is plotted. All angles and curve 
points shall be marked by small circles, and the even stations by 
a line } inch in length drawn at right angles across the base line. 

The even stations and the plus distance of all angle and curve 
points shall be numbered below the base line, l^e calculated 
oearings of the baae hne, together with the tangent and curve 
lengths and the radii of the curves, shall be indicated above the 
line. The rightxif-way lines shall be shown in red. They shall 
be properly referenced to the base line and land comers. Where 
they are not parallel to the baae line their bearings and lengths 
shall be indicated. The topography and lettermg other than 
that relating to the base line shall be done neatly and so as to 
permit of tracing easily but such details shall not be inked. 

All drafting details shall conform to the conventions shown on 
the specimen sheet furnished to each drafting office. 

The north point shall be indicated at intervals of not more 
than fifty stations. 

The datmn line of the profile shall be drawn | inch from the 
bottom of the sheet and inked in black. Ferpenoiculars shall be 
erected at each even station and inked in black. The even sta- 
tions and plus distances shall be numbered below the datum line 
and the efevations of the present surface of the grotmd shall be 
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Bhovn above the datum line and to the left of the perpendieulars. 
The elevationB of the proposed finished road eurface shall be 
shown in red and to the right of the perpendiculars. 

The present ground surface shall be drawn in black, and the 
[>rop(wed finished surface of the road and proposed rates per 
cent of grade in red. Points of change in the rate of the finished 
grade and the beginning and end of vertical curves shall be in- 
dicated by small circles. 

No title need be placed on the working plans; they shall be 
identified by the file number, and such plans shall bear the sig- 
natures of the employees concerned in their preparaticm and tiie 
date. 

(c) Cross Sediona, — The cross sections shall be plotted to the 
scale of 1 inch to 5 feet vertical and horizontal on specially ruled 
sheets, 20 by 30 inches in size, furnished by the highway engi- 
neer. They shall be plotted from the bottom of the sheet up- 
ward and so as not to interfere with one another more than is 
necessary. The station numbers shall be placed directly below 
the datum line and across the base line. The present ground 
surface, the elevation at the base line and the station number 
shall be inked in black. The proposed finished surface, together 
with the elevation at the center of the proposed roadway, shall 
be shown in red. 

(d) Layout Plaria. — The layout plans shall be on tracing cloth 
20 by 30 inches in size and the &-st sheet shall carry the title, 
email index or key maps, conventions, and the necessary certifi- 
cates and signatures, and such sheet will be prepared in Sacra- 
mento. The subsequent sheets shall be traced from the working 
plan, shall be authenticated by the signatures of the division 
engineer and the highway engineer, sh^ state the whole num- 
ber of sheets in the set and the number of the individual sheet, 
the file number, and on each sheet shall be shown the true North 
Point. These plans shall conform aa closely as is practicable in 
workmanship and appearance to the specimen sheet hereinbefore 
referred to. 

(e) The Grade Line. — ^The grade shall be established tenta- 
tiveiy on the profile tmder the direction of the division engineer 
and transferred to the cross-sections and the proposed finished 
surface of the roadway and slopes shall be drawn on the sections 
with the aid of templets to be furnished by the highway engineer. 
If it appears to be desirable to shift the center of the roadway 
from the base line, the new alignment shall be located on the 
working plan by a dotted redlme. The hmits of earth work 
shall be shown on the plan by a dotted red line where they ex- 
tend beyond the fences or known right-of-way lines. 

After the grade line has been so tentatively established and 
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the estimatea have been completed, the working plan, croes-aeo' 
tiooa and estimatea, together irith sketches of apecial Btructures, 
shall be submitted to the highway engineer for his scrutiny. 

(f) Accessuma. — Every plan made in a division office ana which 
is to remain there after it has been signed by the division engi- 
neer, shall be entered in the "Acceaaion Book" and described aa 
required by the captions therein. All other plans and maps re- 
ceived at such offices, and which are to remain there, ah all be 
likewise entered in said book. 

(g) Filing cf Plans and Note Books, — All plane shall be filed 
flat in drawers in the division offices but during their prepara- 
tion the working plans may be rolled and folded afterward. 

When completed, the layout plans shall be filed at Sacramento 
headquarters and on the completion of a contract Mie cross- 
sections shall be likewise Sled at Sacramento, blue prints thereof 
being furnished to the division offices. 

All note books shall be filed at Sacramento when the contract 
relating to the surveys therein is completed. 

All documents, whether plans, books or papers, which relat« 
to road contracts fliall be stamped wil^ the file mark adopted. 
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DRAINAGE, CULVERTS AND BRIDGES- 

In most parts of tbe country water is one of the most destructive 
influences on roads. When it collects on the surface it tends to 
injure the roadway unless the latter is paved with some hard, im- 
parlous material. The mudholes on earth, gravel and broken 
stone roads become soft, so that traffic increases their area and 
depth rapidly. The impervious crust is finally broken through, 
allowing water to reach the roadbed, which gives way under heavy 
loads and the condition of the roadway becomes very bad. H 
water collects in the ditches, it percolates sideways into the road- 
bed, softening it and eventually causing subsidence which produces 
marked irregularities in the surface, so that mudholes form there. 
If the sut^rade on which the roadbed is carried is soggy, a road 
can not be maintained on it. Charles J. Bennett, State highway 
commissioner of Connecticut, has reported an instance of this in a 
city where a 7--inch broken stone roadway was placed on a poorly 
drained clay subgrade. The roadway broke up when frost came 
out of the ground and became so impassable that stringers were 
laid on it and covered with crossplank to furnish a driveway. 
This heaving action of frost will eventually destroy any roadbed 
in which water is allowed to collect. The water expands every 
time it freezes. The expansion opens up the earth, so that gradu- 
ally more water enters it and finally there is so much in the porea 
and cracks that its expansion throws up the roadway. 

Troubles with water are particularly noticeable on grades. The 
water is not shed so quickly from the roadway on steep slopes as 
it is on fairly level roads, but runs toward the side ditches at an 
acute angle with them. If there is any check to the flow at the 
side of the roadway, such as irr^ularities of the surface or vege- 
tation offer, some scouring will eventually take place, and it is for 
this reason that the good condition of the shoulders of steep roads 
is important. The scouring of ditches on steep grades is a com- 
mon occurrence after heavy rains, and experienced maintenance 
men regard it as an injury that must be repaired immediately. 
If the road is on a fill and also on a grade, the handling of water 
requires special care if heavy gullying of the slopes is to be 
avoided. A gully may be cut a quarter of the way across a new 
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road in such a locatioa by a Bingle heavy rain. An unusual oase 
of the effect of water on dopes has been mentioned by Mr. Ben- 
nett. A road which led up a steep hill waa oii^ually only wide 
enough for one vehicle and was the drainage channel for the sur- 
face water of the hillside. The surfadiig waa washed away by 
every heavy rain. A new road was built by filling in stone to a 
depth of 4 feet, with an open box culvert at the bottom to carry 
whatever water might penetrate beneath the road from the sides. 
This stone fill extended the entire width of the road, from shoulder 
to shoulder, and very deep, wide ditches were provided at each 
side. There has been no trouble with this road since it was re- 
constructed in this way, showing what good drainage can do even 
in an exceptionally bad place. 

In any drainage work it is necessary to allow for the different 
water-holding capacities of different materials. Experiments by 
the United Stat^ Office of Public Hoads and Rural Engineering 
show that with the same condition of dryness, clay will take up 
more water than sand, but will not part with so much. The rate 
of drainage from saturated sand is almost twice as fast as from 
saturated clay during the first twenty-four hours after the mate- 
rials are allowed to drain. Silt is the slowest material to drain 
and the loams come between aand and clay. While sOt and clay 
absorb more water than sand, they allow water to percolate very 
slowly indeed in comparison with sand, and it is for this reason 
that they form water-tight barriers when confined so their grains 
can not flow away. When in a loose condition silt permits the 
smallest amount of percolation, and calling the rate with this 
material 1 the rate with loose clay is nearly 3, loose sandy loam 
nearly 28 and loose sand nearly 51. With compacted materials, 
however, such as exist in a well-built roadbed, the lowest rate of 
percolation is with clay; calling it 1, the rate with compact silt is 
2, compact sandy loam 15, and compact sand 93. The experi- 
mental investigations make clear the reason for particularly care- 
ful drainage of clay and silt subgrades. 

Oenerdl Met/uxh of Drainage 

Road drainage is chiefly a matter of, first, climate; second, 
topography; and third, soil. It may be treated separately und^ 
two heads, surface draining and sub-surface or under-drainage. 

In the case of surface drainage, the surface water may be shed 
in four ways, first, by cross-slope or crown in construction; sec- 
ond, by longitudinal grade after the crown is determined; third, 
by discharge into natur^ water-courses; and fourth, by discharge 
into artificial outlets. 

The crown should be determined by, first, character or type (^ 
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road; seoond, the locality; and third, by grade. The crown for a 
natural earth road or a shell road ahovild be made from 1 to 2 
inches higher in construction than that which is ultimately de- 
sired. This opinion is based on the fact that these types of roads 
are more susceptible to consolidation and displacraaent under 
traffic than most other roads. 

In thickly populated districts a hi^ crown is dangerous to 
traffic and the cross-slope of roads constructed through towns or 
other thiddy populated districts should be reduced to that whidt 
is just sufficient to shed water to the gutter line. In such dis- 
tricts hi^ crowns cause a sliding motion of vehicles and bring 
an extra strain upon lower portion of the wheels which is objec- 
tionable and causes public criticism, which, if not considered, 
brings about a certain amount of prejudice against modran road 
construction. Finally, in considering crowning of roads the ques- 
tion of grades must not be overlooked. Ordinarily the practice 
is to increase the crown as the grades become steeper. For all 
grades up to and includmg 5 per cent, the crowns mentioned in 
the next paragraph are considered sufficient. When the grade is 
in excess of 5 per cent the crown should be so increased that the 
water will be shed to the side of road rather than run down its 
surface or, at least, make a curve in its course of final dis- 
charge. 

The minimum and maximum crowns which it is de«rabl« to 
use may be determined by multiplying half the width in feet of 
the hard-surfaced roadway by } to 1 inch for gravel roads, i to 
I inch for macadam, } to } inch for roads with a bituminous sur- 
face, and i to I inch for brick and concrete. Formerly curved 
CToBB-sections were used with impervious pavements, which were 
qmte flat at the center and increased in curvature toward the 
sides, with the result that there was a wholly needless slope at the 
' latter. This has been changed of late, and there is a tendency to 
use uniform slopes from the sides toward the center, where an 
angle is avoided by introducing a very flat curve. The unpaved 
shoulders are often given a slope of 1 inch per foot of width. 

There are two general methods of draining the roadbed, by side 
ditches and by underdrains, which will be explained in more detail 
later. In flat country, the roadbed is best kept dry by raising it 
above the neighboring land, just as railway roadbeds are raised. 
If this is not done, it is very difficult to keep roads in good condi- 
tion. 

In undeveloped swamp country, George W. Cooley, State en- 
pneer of Minnesota, has found the most permanent roadbeds can 
be built by constructing the embankment of material dredged from 
a dnunage ditch on the upper side of the road and a smaller ditch 
on the lower fade. When tiie swamps have soundings of 2 to 
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feet, he conaiderB that the elevation of the bottom of the dredged 
ditch may be disregarded except that it should not be above the 
suitable theoretical grade line. This is because the surrounding 
land is swampy at all times and the subgrade can not be drained 
by any means short of draining the whole swamp. 

In ordinary flat prairie country, the elevations recommended by 
H. E. Bilger, road engineer of the lUiuois highway department, 
vary with the kind of soil used in the roadbed, as follows: with 
dense clay or gumbo, where the obtunable grade of the side ditch 
is less than 0.4 per cent, not more than 800 feet of earth road in 
one stretch should have its crown less than 12 inches above the 
adjacent fields, unless the road is along a ridge or on a side hill so 
that culverts will deliver the water from the uphill ditch to nat- 
ural outlets on the downhill side. In partly impervious soils, 
such 0.6 loams, the same elevation should be maintained, when 
the side ditches have a slope of less than 0.2 per cent. With sand, 
gravel or very loose soil, the crown should be Q inches above the 
adjacent fielt^. 

It is troublesome enough to care for the surface and under- 
ground water on the right-of-way, without having the work ag- 
gravated by water from adjacent property. On hillsides, there- 
fore, the water flowing down the slopes toward the road is often 
intercepted by ditches along the crest of the cuts, as shown in 
Cross-Section 2 on page 6, and carried away to suitable outlets. 
Such ditches are sometimes called "berm ditches." In sections 
where irrigation is practiced, considerable trouble ia sometimes 
experience as a result of the overflowing of the road, and to pre- 
vent this the following law has been enacted in Colorado: 

No person or persons or any corporation ahall cause waste water, or the 
water from aayaitch, road drain or Bume, or other place, to flow in or upon 
any road or highway so as to damage the same, and any such person, or 
persons or corporation so offending or violating any of the proviaiona of 
this section for which there is no specific penalty provided shatl pay a fine 
of not lets than $10 nor more than S300 for each offense, and a like fine of 
$10 for each day that such obstruction shall be suffered to remain in said 
highway, and ihall also be liable to any person, or personi or corporations 
in a civil action for any damages resulting therefrom; and it shall be the 
duty of the road overseer in the district in which such violation shall occur 
to prosecute any person, persons or corporation or corporations violating 
the provisions of thia act. 

The water accumulating in the ditches should be discharged aa 
quickly as possible into neighboring outlets. After light rainfalls, 
this may not seem important, but when a heavy rain occurs in the 
early spring while the roadway is impervious the need of numer- 
ous outlets is evident. This is particularly true on slopes, where 
a large quantity of water in the ditches is liable to scour them 
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badly. As it is not always practicable to find natural drainage 
channels on each side of the road, culverts must be built to carry 
the water under the roadway from one ditch to the other, as well 
as to provide adequate channels for the brooks crossing the rights- 
of-way. 

Although properly designed and well-built culverta protect a 
road-bed from injury, it is sometimes desirable to avoid the use 
of large structures of this class if it can be done by relocating the 
road. This is particularly the case where the beds of the streams 
are in alluvial soil which is readily eroded by swiftly moving flood 
waters. In such cases there is uncertainty whether unpaved 
channels to and from the culvert will not become so eroded that 
the structure will settJe. Culverts of lai^e size in such localities 
are comparatively expensive, and if there arc many of them it is 
always well to ascertain if the number can not be reduced by chang- 
ing the position of the road. In a few cases winding brooks have 
had straight channels dug to accomplish the same purpose. This 
is [)articularly the case in districts where the roads follow straight 
section lines without regard to t-opography. 

The most elaborate investigation of surface and underground 
roadbed drainage that has been made in this country was under- 
taken by a committee of the American Railway Engineering Asso- 
ciation, which reached the following conclusions: 

Side ditches should be provided in cuts, whether the subgrade 
be in rock or earth. The miiumum side ditch should be 1 foot 
wide on the bottom and 1 foot deep below subgrade. The mini- 
mum grade for side ditches should be 0.30 per cent If the rate 
of grade of the track in any cut is less than 0.30 per cent, the cut 
may be widened to permit side ditches to be constructed on 0.30 
per cent grades, or drain pipes may be laid to proper grades below 
the ditches to any available outlet. 

Efficient subdrainage of wet cuts and of saturated soil upon 
which embankments rest may be attained by the use of pipe 
drains. They should be laid immediately below the center of tiie 
side ditch in cuts and about 10 feet from the toe of the slopes of 
embankments and on grades of not less than 0.20 per cent. Care 
should be taken to locate the pipe at such depths that no dis- 
placement will be made in its alignment by the subsidence of the 
roadway under traffic. To this end the trench in which the tile 
16 to be laid should be dug down into a motionless stratum under- 
lying the saturated material which it is desired to drain. The 
trench above the pipe should be completely filled with cinders or 
other porous material which filters the water and aids its passage 
to the pipe and prevents the intrusion of the saturated material 
under pressure of traffic. 

A water pocket beneath the track may be drained by email 
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croas drains laid in cinder-fillBd trenches, or by trenches filled 
with cinders, gravel or similar material. 

The committee recoBomended that no pipe be used with an in- 
side diameter of lees than 6 inches, except for cross drains. It 
will rarely be necessary to use larger sizes than 12 inches. The 
trench should not be wider than is needed for digging it economi- 
cally and laying the pipe. 

Surface intercepting ditches should be constructed on the np- 
hill side of all cuts where they may be op^ied without causing 
shdes. Op^ ditches should be dug along, and about 10 feet from, 
the toes of embankments resting on soil Uable to become unstabls 
if saturated, to divert water flowing toWard the embankment. 
Where an open ditch may endanger such an embankment, a drain 
pipe may be laid along the toe of its slope. In constructing ditches 
on slopes above cuts, they should not be larger than necessary in 
order that they may not become the notch or score from which a 
slide will start. They should be 10 to 25 feet from the crest of 
the cut, and the material excavated from them should be deposited 
on the side nearer the roadbed. 

Side Ditchet 

The cross-section of mde ditches should be such that they can 
be formed and mainttuned by road machines, if practicable, for the 
use of such equipment in places for which it is suitable gives the 
desired results at lowest cost. The sections shown on page ^6 
illustrate the capabilities of road machines. In the final s^ping 
of the road, care must be taken not to d^ the ditches too deep at 
any place, leaving a depression to hold water. The purpose of a 
ditch is to carry water away without retaining any of it. If any 
depressions exist they must be remedied in some effective manner. 

Very good results can be had by making side ditch 2 feet wide 
on the bottom with a 4: 1 slope on the road side and a slope on 
the back side equal to the angle of repose of the particular mate- 
rial encountered in the excavation. The 4 : 1 slope on the road 
side is not dangerous to traffic, the slopes can be grassed wiUi a 
good texture of grass and the slope is not so steep as to become 
gullied by water shed into the ditch from the surface of the road 
where the crown is excessive or the grade steep. The slopes can 
also be made and maintained with a road macoine. 

The grade of the flow-line of the ditoh should be 0.5 per cent if 
possible, rather more than the recommendation for railway ditches 
previously quoted, but in flat country it is sometimes impracticable 
to secure such a grade. Under such conditions the grade lines for 
the ditches should be given by a surveyor, and the excavation 
made to conform exactly to the lines. When finished, these flat 
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ditches must be m^tuned on the true grades, or water will fail 
to run off quickl]''. Flat ditches are often made wide and shallow, 
BO aa to expose as much water to evaporaton as possible, and on 
well-maiatained level roads care is taken that these shallow ditches 
are not unduly shaded by trees and shrubs, so that evaporation 
will be checked. 

Where there are two convenient outlets with a side ditch run- 
ning from one to the other, the grade may be improved and a 
deep, unsightly ditch avoided by selecting a good intramediate 
Bununit and drawing water both ways to the outlet. This summit 
may be resulat«l by the grades desired or by holding them from 
6 to 12 indbes lielow the sub-grade at the summit and running 
straight flow-line grades each way to the outlets. 

Deep, narrow ditches with steep sides have two defects fre- 
quently observed where roads are not maintuned properly. One 
defect is the danger they offer to vehicles which may be crowded 
into them for any reason. The records of the Iowa State high- 
way commieeion for September, October and November, 1916, 
abow that in that State alone 363 automobiles turned turtle, r^ 
suiting in 6 deaths and 451 injuries. Just how many of these ao- 
oidenta were due to ditching the cars is not stated, but this is gen- 
erally regarded as the usual cause of overturning. Where the 
ditches are deep or the road is on an embankment with steep 
slopes, substantial guard rails should be provided. During Sep- 
tember, October and November, 1916, the Iowa records show tl^t 
167 cars went over embankments, killing 7 persons and injuring 
234. Such a list points more clearly tluin general arguments to 
the great importance of guard rails that will act as real guards. 

The second defect is the relatively high velocity which water 
may acquire in a deep, narrow ditch. K the latter is protected 
against erosion high velocity may cause no trouble, but such prc^ 
tection is not common and when the water rushes through an 
earth ditch the latter will become eroded and both the roadbed 
and the bank may be severely injured. 

The maintenance of ditches cut in earth on slopes is hardly 
possible unless water-brakes are constructed in them. These 
are usually heavy timbers placed across the ditch and projecting 
several inches aJbove it. They check the flow of the water at 
intervals down the hill, and thus prevent a velocity which will 
be destructive. The ditches where they are used must be cleaned 
out after every rain or the bottoms will become filled to the top 
of the timbers and later storms will gully the road and the banlcs 
at th^ ends. In some cases, the water-brakes are heavy con^ 
Crete beams. Where the water attains an erosive v^city in 
ditches paving protects them better than the wsterbrakes. 

Wberevex practicable ditches in earth on grades exceeding 
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5 per cent should be paved. This adds somewhat to the first 
cost, even when field stone suitable for the purpose can be ob- 
tained in the vicinity, but the first cost is offset by the reduced 
expense for maintenance. 

The outlets from the ditches should receive careful attention, 
because they are frequently a source of needless expense for 
maintenance. There should be a paved channel of sufficient size 
leading from the ditch to the waterway into which the water 
is discharged. If field stone for such a pavement can Dot be 
obtained, it will be advisable to employ concrete. 

The protection of the embankments by grass or other vege- 
tation is a remedy for scouring used on many railways and 
some highways. Witch grass is a good species for the purpose, but 
must not be used near cultivated land. Bermuda graas and red 
top have been recommended for some localities and other varie- 
ties are probably better suited for different local conditions. 
On the Southern Railway the banks have been held by planting 
the volunteer or Japanese honeysuckle in parallel horizontu 
rows about 10 feet up the slopes. Where the slopes stand satis- 
factorily except during heavy rains, and the material is such that 
vegetation will not grow on them, they are sometimes held in 
place by covering them with coarse cinders and gravel. This 
prevents the water from coursing down them unchecked and 
thus checks erosion. 

At every driveway from a road into adjoining property, there 
is likely to be an obstruction of the ditch crossed by this drive. 
If the ditch is shallow with gently sloping sides, the best drive 
from a drainage viewpoint is a paved strip from the roadway 
across the ditch into the property. Unfortunately this is not 
often practicable and rardy adopted when it is. The usual 
driveway is formed by filling dirt over a fiimsy plank drain or 
a line of 4-inch tile on an insecure foundation, and this affords 
wholly inadequate drainage. A. culvert with an ample water- 
way should be providJed, with a substantial facing or headwall 
at each end. Sometimes culverts under driveways can be omitted 
in the case of shallow Bide ditches, by locating a summit at the 
entrance and running the grade down in both directions from it to 
well-defined outlets. 

At such drives attention should be paid to the amount of 
water they may discharge into the side ditches. Sometimes on 
a hillside a driveway will discharge a large volume of water at 
such a high velocity that, unless properly led away, part of it 
will flow across the road to the other side, whic^ does the 
shoulders and roadway no good and may cause serious injury. 
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Under<^ainag« 

The usu&l method of repairing a wet place adopted by an 
untrained roadbuilder is to dump stone over it. After the stone 
has been forced into the mud by the traffic, more stone is dumped 
there, with the result that a mudbole is formed at each end of 
the stone fill. The water is in the earth and must find an outlet 
somewhere. Instead of trying to seal it up, the proper remedy 
is to carry it off by some kind of underdrainage. The problem 
of caring for underground water is, first, a matter of soils; second, 
a matter of topography; and third, one of temperature. There 
are many soils of a gravelly, sandy, or similar character, which 
ordinarily are self-draining to a degree and do not require par- 
ticular attention. The difficulty is with those highways built on 
clayey or loamy soils which are more or leas retentive and do not 
drain readily. 

When the entire roadbed is somewhat damp or soggy it was 
formerly the general practice to lay a foundation of large stones 
wedged together by small stones and thoroughly rammed. This 
is called a Telford foundation and is 6 inches or more thick. 
It is still used extensively for the purpose but there are sub- 
stitutes for it which have come into use. In some cases from 
6 to 12 inches of coarse gravel or small field stone are placed 
on the sut^rade and rolled. Still another type of drainage foun- 
dation, developed first in Massachusetts, is formed by excavating 
the subgrade to a V-shape cross-section, 6 to 8 inches deep 
at the sides and 12 to 18 inches deep at the center, and 
filling this with field stones, the largest at the bottom. With 
any of these types, there should be an outlet every fiO feet or so 
from the lowest part of the foundation, formed by cutting a 
trench through the shoulders to the side ditches and backfilling 
it with coarse gravel or stone. Even when the road is not on 
wet land, many engineers build cioae drains filled with stones at 
60-foot intervals in the top of the subgrade of gravel and mac- 
adam roads. They are 5 or 6 inches deep at the center and 
are at right angles to the ditches except on hills, where they in- 
cline sU^tly downhill from the center. 

In many parts of the country stone or gravel is unavailable 
for such drainage work and drain tile has been employed. It 
has proved successful and economical, even when stone could be 
obtfuned, provided it was laid properly. Many en^neers recom- 
mend using drains whenever water remains in the ground for a 
considerable period of time within 3 feet of the surface. The 
reason for this is that the maintenance of a weU-di;aiiied road 
is easier work than if the subgrade is soggy. If a heavy rainfall 
•oaks the top of a road which is already soft below the surface, 
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heavy loads are liable to rut it seriously, because it will take much 
longer to dry out than a well underdraioed road. In the early 
apring, when the water in the ground freezes and thaws alter- 
nately, good underdrainage is particularly useful in prev^iting 
the upheaval of parts of the road. 

The influence of a well-laid line of drain tile upon the position 
of the upper surface of the ground-water, called the "water table" 
by many en^neers, is greater than Tnan; persons realise. Prof. 
Ira 0. Baker has reported the following experimental proof 
of the extent of this influence. Lines of drain tile were laid 
60 feet apart and 2) feet deep in a field notoriously soggy 
and heavy on account of the presence of hardpan which held 
the water "like a jug." Where the field was without drainage 
the water rose to within 6 inches of the surface. Where it 
was dr^ed, the water leral midway between the drains was 
18 inches below the surface, showing that even in such 
very heavy soil, the top surface of the groimd-water 25 feet 
from the drain was only 1 foot above the tile. It is this wide 
influence of good drains which makes the effect of a single line of 
deep-laid tile along one side of & road greater than that of shal- 
low lines along ^th aides. The general rule of agricultural 
drainage experts is to place drains IM feet apart and at a depth 
of 3Mo 4 feet. 

The drain is best laid in a trench below the ditch at the side 
of the road from which the greatest amount of ground-water is 
expected. Although a large number of drains laid perfectly 
horisontal for long distances have ^ven satiafactory service, it is 
deidrable to ^ve them a uniform dope of at least 2 inches per 
100 feet if possible. This is a somewhat lower minimum grade 
than some engineering books recommend, but is warranted by 
experience. The tile should not be smaller than 4-inch, and li 
the ground contains a lai^ amount of water and the outlets 
of the drEuns are far apart, larger siies may be desirable, partic- 
ularly in level country. 

inie should not be laid except from grade lines giv^i by the 
engineer, and they must be laid accurately to line and grade. 
The trench to receive them should be no larger than is necessary 
to lay them properly at the least expense, but in opening a trench 
it is sometimes less expensive to make it wider than required for 
the tile, because of the extra cost of di^ng in a very narrow 
trench. In any case the bottom should be cut very carefully 
so as to have it exactly on ^e right grade. If there is any prob- 
ability that the bottom will settle and throw the tile out of align- 
ment, a 4 by 1-inch plank is sometimes Uud to support tiie 
tile. The ends of the tile are laid touching. Some engineers 
reoonmiend covering the top half of the joint with tar paper or 
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burlap, but this is probably unnecessary if the trench is back- 
filled with clean gravel or broken stone from 1 to 4 inches 
in size, which is the best material to use. In any case the fill- 
ing should be porous and placed carefully bo as not to move the 
tile. When the gravel or stone filling is within 12 inches of 
the surface, some engineers cover it with about 3 iiichee of 
hay or straw before the earth filling is placed to form the bottom 
of the side ditch. 

The outlets of the drains should be constructed with special 
care, because they are particularly liable to mjury. They are 
preferably made of stronger pipe than agricultural tile, firmly 
supported and protected at the end by a substantial wall or 
facing. A drain with its end stopped is of little value. 

Pipe driuns are the most serviceable type, but there are vari- 
ous substitutes. One of these is a covered trough of rough stone, 
another is a similar plank trough, and another is merely a mass 
of gravel and stones, with the largest pieces at the bottom. The 
drawback of all of these is that they tend to break down or be- 
come clogged with fine material, wluch can not enter a properly 
laid tile drain. 

Where the aide ditches are on very fiat grades, they are som&- 
times drained into the underdrains at intervals of about 0.1 mile 
by blind oatch-bamns. These are merely masses of coarse gravel, 
stone or brickbats reaching from the bottom of the ditch to the 
tile, and covered at the top by a low pile of similar material 
which acta as a screen. By this means the side ditches need 
not be cut so deep as to be dangerous. Where the aide ditches 
carry large quantities of water which must be drained off in this 
manner, large drain tiles are needed and open brick or concrete 
inlets like those used on sewerage systems may be used. 

Where an embankment is built on a wet aide hill, the latter 
must first be underdrained thoroughly to prevent E^pping of the 
embfmkment. When an embankment in such a locsJity begins 
to slip, the trouble may sometimes be remedied by dig^ng large, 
deep intercepting ditches on the high side, leading to the nearest 
culverts. These ditches are usually filled with stone. Any 
pockets in the ground near the uphill toe of the embankment, in 
which water may collect and soft^ the neighboring earth or clay, 
should be filled. 

Site of Cvloert Openinga and Bridgt Watenoaya 

The waterway to be provided for large culverts and bridge 
op^iings depends upon many conditions, which have t>een etat»j 
as follows by Prof. A. N. Talbot: 
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1. The variation of the rainfall in different localities. 

2. The meagreneas of rainfall data, since records are gener- 
ally {pven as so much per day and rarely per hour, while the du- 
ration of the severe storms Is not reooid^. 

3. The melting of snow with a heavy rain. 

4. The permeability of the surface of the ground, depending 
upon the kind of soil, condition of vegetation and cultivation, etc. 

5. The d^ree of saturation of the ground and the amount 
of evaporation. 

6. The character and inclination of the surface to the point 
where the water accumulates in the watercourse proper. 

7. The inclination or slope of the watercourse to the point 
oonadCTed. 

8. The shape of the area dr^ed and the position of the 
feeders. 

The importance of this item will be seen in comparing a spoon- 
shaped area where the main watercourse is fed by branches from 
both sides so arranged that water from the whole area reaches the 
culvert at the same time, with a long, narrow bamn in which, 
before the water from the uppa part reaches the opening, the 
rainfall from the lower portion has beoi carried away and the 
severe part of the storm is past. 

While there we three formulas giving the sire of waterways 
for drainage areas of different sizes, it is generally agreed by 
engineers that it is best to find out by examination and inquiry 
if possible the flood heights of any stream that is crossed. The 
condition of ndghboring culverts and bridge openings dtuing 
floods should be investigated, and the nature of the channel of 
the stream and the character of its drainage basin ascertained. 
Such records are not only helpful in determining the sise of the 
structure under consideration but are of value in showing the 
degree of reliance that can be placed on a waterway formula. 

A formula widely used in the Central States was proposed in 
1887 by Prof. A. N. Talbot. The area in square feet of the net 
waterway is found by multiplying the three-fourths power of the 
acres drained by a coefficient. This coefficient was taken by 
I^of easor Talbot as 0.33 for rolling farming land subject to floods 
when snow melts and the valley drained is three or four times as 
long as it is wide, 0.16 to 0.2 in districts not affected by snow and 
■mih the valleys several times longer than wide, and from 0.67 to 
1.0 for steep, rocky ground. The waterways pven by this for- 
mula are stated in the table on the next page. 
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About 1880 the Santa Fe systein began to measure accurately 
the area of the waterways of streams during floods in Missouri, 
Kansas, Indian Territory and Texas. The work: was done as 
carefully aa possible and in 1897 the results were suininarised 
and a table of waterway areas issued by James Dun, chief engi- 
neer of the system, for the use of his engineers. The collecting 
of such information was continued after that date, and in 1906 
an enlarged table was printed for public use, which is extensively 
employed by railway and highway engineers in the section of the 
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country mentioned. A portion of the table is reproduced here. 
Mr. Dun stated that it did not give waterways lajge enough for 
the floods that occurred at very long interv^s and were of un- 
precedented severiiy, for which be did not consider it advisable 
for provision to be made. He recommended waterways 60 to 
80 per cent as large as those tabulated for culverts and bri<^ 
opening in Illiuois, about 5 per cent larger waterways for Texas 
when the areas drained exceeded 1 square mile, and from 1^ to 6^ 
per cent smaller waterways in New Mexico for areas acceding 
1 square mile. 

About thirty years ago, C. C. Wcntworth, of the engineering 
staff of the Norfolk & Western Railway, made a careful study 
of the area of the culverts which had proved of suffident size on 
that road, and found that for drainage basins of one acre and 
upward, the square feet of culvert cross-section should be equal 
to the two-thirds power of the number of acres drained. This 
formula has been used for many years on that railway and found 
oitirely satisfactory. The accompanying table gives the areas 
computed by it for a number of drainage districts. These re- 
lations hold good quite generally over the area between the Blue 
Eidge and the Ohio River, and have been found to agree with 
flood discharges in Maine, Connecticut, and New York. It 
has been su^ested that with rainfalls of less intensity or flatter 
elopes than those of the section which furnishes the data on which 
the formula is based, the areas of necessary waterways may be 
taken at some percentage of those given by the formula. 
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As the amount of water to be carried across the roadway by a 
culvert is usually small, the majority of such sbucturea are made 
of some kind of pipe. The defects which such culverts develop 
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at times are generally due to lack of attention to features essen- 
tial for good construction. The pipe must be laid on a p^ectr 
ly firm support. If the trench for it is cut too low and must be 
leveled by replacing some of the material, the latter should be 
consolidated thoroughly before the pipe is laid, and as it takes 
considerable time to do this properly, it pays to be careful to 
excavate in the first place to the exact grade.' After the pipe 
has been laid and the joints filled if it is made of bell-and-spigot 
lengths, the backfillii^; should be done with the same care used 
in good sewerage work. The earth should be rammed thorough- 
ly around the sides of the pipe, takii^; care not to disturb it in 
doing this, and not more than 6 inches of earth should be spread 
without ramming. The 2 feet of fill inmiediately over the 
pipe should be similarly placed in 6-inGh layers and rammed, 
and while the material above this need not be placed so carefully 
it should be thoroughly consolidated. 

The inlet and ouSet of the pipe should be at the bottom of the 
ditches it connects or at the level of the bed of the brook that it 
carries across the road. Each end should have a wall or facing 
resting on an absolutdy firm foundation far enough below the 
surface to remain unaffected by frost and heavy enough to hold 
back the bank resting against it. Concrete makes the best 
facing, but substantial masonry and heavy planks have given 
good service when properly used. By locating and protecting 
the ends of the pipe in this way two important advantages are 
gained, first, the thorough drainage of the side ditches and, 
second, the prevention of undercutting of the ends of the pipe. 
If the bottom of the ditch or bed of the brook is soft, it should be 
paved for some feet above and below the culvert to prevent 
serious erosion during severe storms. At irregular intervals 
several years apart tie ditches and brooks are exceptionally 
flooded and the water is liable to rise above the top of the pipe. 
If the culvert has been constructed as just recommended no 
danger need be feared, for the road will act as a dam for a few 
hours until these excessive quantities of water are discharged. 
A poorly built culvert is likely to be washed out, however, and 
carry part of the road with it. Standard plans for culvert head- 
walla can be obtained from most State highway departments and 
from the United States Office of Public Roads and Rural En^neer- 
ii^ at Washington. 

Where a pipe culvert is carried across a side-hill road, dis- 
charging on the outer slope, some form of channel is often neces- 
sary for carrying the water down the side of the embankment 

> If the Bub-grade is s<^y it ia well to lay the pipe on & concrete fioor 
numins from the foundation of one headwall to that of the other. Bell 
jointa ahould be laid up-hill. 
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without causing erosion. Gutters of rough stone paving, con- 
crete channels and metal troughs have &\1 been used for this 
purpose. 

When a culvert is formed of two pipes laid side by side, which 
is desirable where the grades are very flat, or the bed of the brook 
is wide and the depth of water shallow even after heavy rains, 
particular care must be exercised in consolidating the flilit^ be- 
tween the pipes. 

In a few places, where timber is abundant and cheap, cul- 
verts of heavy plank are used, but at the best, they are only 
temporary structures, and it is unwise to put temporary works 
which are costly to replace in a roadway graded to permanent 
lines. The same is true of box culverts of dry masonry, with 
un[)aved bottoms. Masonry culverts laid carefully in cement 
mortar are rarely so cheap as permanent pipe or concrete cul- 
verts. Plana and instructions for building concrete culverts 
can be obtained on application from most State highway de- 
partments and from the United States Office of Public Roads 
and Rural Engineering. 

Any type of concrete culvert should be built carefully or 
frost will cause trouble with it. The sand and gravel or broken 
stone must be clean and graded so as to give a dense mixture, 
and the mixing of the mortar must be thorough. The forms 
must be strong and tight and located so that the structure will 
be true to grade. The headwalls in particular should be carried 
down to a secure foundation, and piling or a substantial timber 
platform should be used to carry the concrete in case there is 
any doubt whatever of the supporting power of the underlying 
material. 

The general tendency of rapidly flowing streams is to lower 
their beds. This results in time in leaving the culvert floor 
rather high for the natural bed of the stream and the water finds 
ite way underneath. A substantial cross wall at the outlet end of 
the culvert, carried well below possible wash, is effective in stop- 
ping this class of under-cutting, A frozen earth floor will some- 
times act like a plank floor in causing such undercutting, and 
hence good cross-walls are advisable in all culverts, whether 
floored or not. If the channels leading to or from a culvert are 
in soft material liable to erosion, they should be paved or pro- 
tected hy brush and heavy stones. 

Bridges 

Structures with a clear span exceeding 6 feet are generally 
classed as bridges and should be permanent improvements on any 
road brought to final grade and alignment. There has been 
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such great waste of money in past years on the bridges on rural 
roads that the highway departments of most states have prepared 
standard plans and specifications which cover most needs of 
local road officials, aiuj similar standards have been prepared 
by the United States Office of Public Roads and Rural Enei- 
neering. Structures of this character should only be built Mader 
competent engineering Bupervision, both as to substructures and 
superstructures. There is an unfortunate tendency on the part 
of highway commissions to endeavor to save money by omitting 
desirable precautions such as piling, which insure the safety of 
the bridges under conditions which an engineer recognizes as 
dangerous. For example, an unusually heavy rainfall in north- 
eastern Iowa in June, 1916, washedout 163 bridges. Some were 
old structures that needed replacing at an early date, but others 
were expensive new structures of good design and construction 
except for the fatal omis^on of the inling under the founda- 
tions which was recomjnended by the ei^neers but left out to 
reduce the cost. Not a bridge built according to the standards 
of the State highway commission was damaged. 

There are many bridges which have been in service for a long 
period of time without suffering any injury, although their sub- 
structures are in streams with an easily eroded bottom and banks. 
For example, the Walhouding aqueduct on the Ohio canal system, 
built about 1830, has four piers and two abutments in a stream 
with a ffiirly swift current, rising suddenly to a great height. 
Both its banks and bed near the aqueduct are rapidly eroded 
unless protected. The piers and abutments rest on double plat- 
forms of hewn timbers, laid crosswise and carried by piles driven 
close together near all four sides of each base. Brush and heavy 
stone were placed on the river bed around each foundation and 
a row of strong piles was driven across the river bed just below 
the aqueduct to prevent the removal of the brush and stones by 
the ciurent. Such a record of endurance made by structures 
built before the beginning of the present era of scientific engi- 
neering shows how needless are most of the washouts of expen- 
sive bridges that occur every year. 

As bridges on improved roads should be permanent struc- 
tures, they should be designed to carry a heavy roller followed 
by a trailer loaded with coal. A bridge capable of supporting 
a 15-ton roller will carry any of the heaviest field guns now 
used in Europe. 

Money is saved by having the plans and specifications for 
bridges of reinforced concrete or steel prepared by an expe- 
rienced engineer, so that aU bidders on its constructioi^ will base 
their estimates on the same structure and that structure will be 
adapt^ to the locality and service. If each bidder must prepare 
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Mb own plans, the expense of doing so ta added to the cost of the 
fabrication of the stwl and the erection of the structure. ThiB 
makes a general increase in the coat of bridges in a district where 
the practice is followed, for many unsatisfactory plans must 
be prepared for one that is satisfactory. Furthermore the com- 
misfflon awarding the contract must not only pick out the lowest 
bidder but also decide which is the best plan, which may not 
be that offered at the lowest price. 

In level country where a stream overflows its banks during 
heavy floods and bridges above the flood level require long expen- 
uve approaches, what are known aa overflow bridges are coming 
into quite extensive use. They are structures designed to be 
submerged by the fioods and to offer as little obstruction as pos- 
sible to the water passing over them. If the floods are likely 
to carry large quantities of brush, the bridges are kept partic- 
ularly low so the brush will pass freely over them when they are 
submerged. The roads leading to a number of such bridges 
have concrete pavements extending to the limits of the sub- 
merged areas, for earth, gravel and broken stone roads are liable 
to serious iujuiy from water flowing across them. As the injury 
to overflowed embankments generally starts at the top of the 
downstream slope, the latter is often protected against scouring 
by covering it with heavy stone. Stone with rounded edges is 
less suitable for this purpose than stone of an angular shape, 
because the former is rolled about more easily. 

FordB 

Where money is limited, the cost of building even a submerged 
bridge is heavy, and the stream to be crossed is shallow, a ford 
is sometimes constructed as a serviceable temporary expedient. 
In Washington County, Utah, for example, there is a stream with 
a sandy bottom which is dry at some seasons and dangerous 
during floods on account of the treacherous nature of the wet 
sand. A ford has been constructed which consists of two rubble 
walls 4 feet deep and 2 feet wide, with a 2-foot rubble fill between 
them. The entire width of this rubble fill from one wall to the 
other is 20 feet, and the stones of which it is made were laid in 
a dense mixture of sand and clay, which is not easily washed out 
of the voids between the stones. The upstream wall was laid 
dry but had 16 inches of clay puddled against the entire depth 
of its outer face. The downstream wall was laid in lime mortar. 

Near Shelbyville, Tennessee, fords have been made passable 
at all times by constructing a number of parallel culverts close 
together to carry the usual flow of the stream and building a 
concrete roadway over these culverts to give a safe footing for 
horses and a secure roadway for automobiles during high-water 
when the roadway is submerged. 
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Ab a very la^^ proportion of our country roads must be earth 
roads for many years and the basis for any type of surfaced high- 
way is a properly located, drained and graded earth road, the rela- 
tive importance of this type is very great. If earth roads were 
properly constructed and maintained, and their culverts and 
bridges were permanent structures, a large part of the road taxes 
now wasted would produce useful returns. It is proper for both 
highway commissions and en^neers to devote a large part of 
their time and money to the improvement of the main roads 
which ore of service to the largest number of taxpayers, but there 
is a deplorable lack of efficiency in the care of the local dirt roads in 
many parts of the country. In some States, of which New York, 
niinois and Iowa are examples, these roads are under some super- 
vision, directly or indirectly, by the State highway department, 
but generally the local authorities do as they please. For in- 
stance, in 1916 there were 71,000 miles of roads in Wisconsin in . 
sole charge of local officials, who spent about $4,500,000 on them. 
The work was subdivided among nearly 13,000 road districts, 
each with a road supervisor, and there were 3750 members of town 
boards with general control over road work. Of these 16,750 
officials, about one-fifth drop out of office annually. During 
the ten years ending December 31, 1916, nearly 50,000 men 
were in charge of local road work and over $40,000,000 spent by 
them, with few perceptible lasting improvements. A system 
giving such results is manifestly wrong, and should be replaced 
by one with a smaller number of road officials having greater 
authority and responsibilities and servii^ longer terms. It will 
seem from the following notes that the construction and mainte- 
nance of earth roads c^ for executive ability and skill that can- 
not be obtained unless fair permanence in office is assured. 

The construction of earth roads faUs into two general classes, 
that where there are cuts and fills and that where the road is 
formed by building a low embankment on the surface. Except 
where the length of road is great enough to use elevating graders 
with economy, these two classes are generally built by different 
methods. 

' Revued by W. S. Keller, State Highway Enpneer of Alabama. 
37 
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CtOs and FUla 

In grubbing roots and breaking hard ground to a shallow depth, 
a rooter plow is often used, which is a heavy type of subsoil plow 
made for the purpose. The road plow is a heavy form of turning 
plow used in hard ground where the cuts are shallow. Either 
type is drawn by four to eight horses or a tractor. Plows are 
also specially made for pushing soil already loosened from ditches 
towanl the center of the road. 

When the cut is more than a few feet in depth and the mate- 
rial loosened with difficulty, it is often blasted. The fastest and 
most economical method of doing this is to sink holes across the 
cut on a line back from the face a distance about one-fourth 
greater than the depth of the cut and about the same distance 
apart. When the cut is 6 feet or more deep, the line of holes 
is kept about 6 feet from the face and the holes are sunk about 
6 feet apart. They are loaded with a low-etrength explosive 
and care must be taken not to loosen the ground below the fin- 
ished grade line. The use of explouves in road grading in other 
material than rock has been extending rapidly on account of its 
low cost and the rapid progress that can be made under suitable 
conditions, for the blasts leave the clay or hardpan in a broken 
up condition making it easy to handle. On side-hill cuts in heavy 
groimd, where the slope is steep and there is some question about 
the security of an embankment to carry the outer part of the 
road, a safe roadway can often be blasted out of the hill at a cost 
comparing favorably with a road jiartly supported by a retain- 
ing wall. E^ven on easier slopes, where a long side-hill cut in 
heavy ground must be made and the excavated material can be 
employed as an embankment to carry the outer part of the road- 
way, the excavation is often made by blasting. Blastii^ is 
also an effective method of breaking up stumps and boulders. 

Where the material is easily handled and can be dumped within 
100 feet of the cut, slip scrapers are generally regarded as the 
least expensive equipment. The Fresno scraper Is regarded as 
better than the slip scraper for hauls exceeding 100 feet. If the 
haul exceeds 100 feet and is under 1000 feet, wheel scrapers are 
ranked highly. The large sizes are most desirable for econ- 
omy on hauls over 600 feet. The material is usually plowed so 
the wheelers can be loaded easily, and it is necessary to have 
about one of them for every 100 feet of haul in order to work 
most economically. Bottom-dump wagons can be made to give 
very low hauling costs if enough are provided so that while one is 
being loaded at the cut, the driver and team which brought it in 
can be used in haiding a loaded wagon. 

In recent years traction steam shovels have been growing stead- 
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ily in favor for road grading. They make shallow cuts as easily 
as deep cuts, and have taken out earth and rock at very low 
figures when the equipment for removing the excavated mate- 
rial was properly selected and used so as to keep the shovel work- 
ing most of the time. The economy of steam shovel operation 
depends upon the proportion of the working day that it is ac- 
tually digging, and this depends upon having wagons or cara 
ready to receive the excavated material. The wagons or cara 
may often be nm along the top of the bank of a shallow cut 
and kept movii^ in a continuous line, saving the delay of turn- 
ing and backing up to the shovel, which ia necessary when 
they move over the graded cut. The utility of a shovel on road- 
work is increased if it can be employed in a gravel pit or quarry 
when not grading. 

The bottom of the cut should be carried down approximate- 
ly paraliel to the finished cross-section, and care shotUd be taken 
not to disturb the material below the grade line. In very heavy 
ground, the final trimming is sometimes done by hand, but gen- 
erally a road machine can be used to advantage. 

Where a fill ia made, the surface must be cleared. Stumps 
should be grubbed out^ and all large material liable to decay 
should be removed, for if left in place the fill will settle as it rots 
or have loose places likely to retain moisture. 'If the fill is on 
a steep side-hill, the latter should be cut into a series of level 
benches or steps and the drainage should receive careful atten- 
tion. If the bill has a gentle slope, it is usually sufficient to plow 
parallel furrows, wMch will furnish a sufBciently uneven surface 
to hold the fill. The object in any case is to unite the material 
in the bottom of the embankment with that of the hillside. 

If the road will be maint»ned as an earth road for several 
years, so it will have ample time to become consolidated under 
traffic before any surfacing is applied, there is usually little rea- 
son for limiting the thickness of the layers in which the embank- 
ment is built. But if a surfacing is to be given the road at an 
early date, the layers should not exceed 2 feet for high fills and 
1 foot for low fills. The teams and scrapers moving over the 
fill compact it to some extent. Formerly Uttle attention was 
paid to smoothing the surface of the layers, but of late this has 
been considered important in some states and drags are kept 
at work on a bank a large part of the time. George W. Cooley, 
State engineer of Minnesota, has explained this TeveliiM! work 
as follows: 

' It is not customary in the South to require green etumpB and roots to 
bo grubbed where the fill over their tope ia as much as IS inches. Any 
matter in process of decay must be removed but a green stump sealed in a 
fill BO that air will not reach it lasts forever. 
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In Minneeotti the plaa h&s beeo adopted in tha oonatmotion of earth 
roads to require the continual use of a drag or planer on Krade building. 
This latter plan has been found very efficient and renders future work on 
the surface less expensive, besides tending to produce a more compaot 
road bed. The tool found moat aatisfaatoty in this work is that known 
as the "Minnesota road plane," which consists of the two blades of aa ordi- 
nary road drag, fixed between a pair of nrnnsrs about 14 feet Iqo^ the blades 
set at an anue of aboutWdesreesto the runner and made ripa or adjust- 
able as may be deemed beat. The planer is hauled on a line parallel with 
the axis of the road and its operation is similar to that of the ordinary dru, 
with the additional advantase of making a smoother surfaoo. The old 
style drag without runners Has a tendency, especially on new work, to 
Increase the waves or undulations frequently occurring on road construo- 

tion.i " ' . ■ . 

toolh 

All embankmentB settle or "shrink" for some time after they 
have been built. If the material is broken into small pieces and 
trampled by teams, the shrinkage will be less than if it is dumped 
in large masses. There is little shrinkage in a well-built euth 
dam to impound water, but road emb&nkmenta need not be 
built so carefully, and it is probably desirable to allow for at 
least 10 per cent shrinkage of embankmentB over 3 feet high and 
at least 15 per cent for those under 3 feet. If loamy material is 
used in the embankments the shrinkage will probably be greater 
than this. 

OraderW&rk 

A lai^ part of the earth roads now built or reconstructed are 
made with road machines. These are built in many «zes for 
both horse and tractor hauling, and serve a variety of purposes 
in an economical manner. They are not adapted for mftlriTig 
cutfl and fills, although frequently employed in shaping a road 
after the grading has been done. 'Ae method of using Uie 
machine on construction is explained in the following instruc- 
tions prepared by W. S. Gearhart, State engineer of Kansas: 

In building new roads with a road grader the dead weeds and grass 
should fint be burned off before any grading work is done, and the width 
of the road to be graded should be staked so the ditches can be propsriy 
lined up. Then plow a light furrow with the point of the grader blade, 
carrying the rear end of the blade weU elevated.' On the second round 
drive the wheels in line with the point along the hollow made the first 
round, plowing a full furrow with tne advance end of the blade, dropping 
the rear end somewhat lower than before. The third time mors toward 
the middle of the road the earth previously plowed, then return to the 
ditch and plow it out deeper, moTUig the eartJi toward the middle when- 
ever as much has been plowed aa the machine will move at once. Repeat 
this process until the oitohes are the proper depth, and then cut off ths 
outer alopes of the ditches by placing one wheel of the grader in the bot- 
tom of the ditoh and the other on« on the bank. This can be done easily 

* A plow is necessary in breaking op the pound «xoept in li^t soils. 
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if the bask is not more th&n 30 inolies &bove the bottom of the ditoh. Then 
dW the earth to the true oroes-Bection. Thacoughly harrow the loofe 
material with an ordinary straight-tooth harrow if there are no clods, goine 
over it mitil the bumps nave been leveled off, the low places filled up and 
the material well compacted. If there are sods or tough tumps of earth 
in the road a disk harrow should be used to pulveriie this material, and 
the disk harrow ahould bo followed by a drag or a straight-tooth harrow 
to level and smooth the road. No newly graded road can be finished ia 
good shape without using either the harrow or the drag, or both. 

In the later rounds of a road machine, in the final shaping 
of the road, part of the loose material in the center of the road 
is pushed back to the shoulders. The settlement on fills will 
result in losing about 2 feet in the width of the roadway, and the 
fills should be made wider than the standard sections to allow 
for thijB loss. In doing this final work, the blade of the grador 
ia set at an ai^e of about 45 degrees with the direction of travel, 
its ends adjusted to the slope of the road, and lowered as a whole 
on successive founds. 

If the work is on a scale large enough to warrant the use of two 
graders hauled by a tractor or roller, a trained grading crew is 
often able to build a good roadbed at very low cost. Mechani- 
cal traction has resulted in the development of methods of con- 
struction impracticable when teams of four to eight horses were 
employed, and as a general proposition mechanical traction is 
most economical when the sections to be graded are a quarter 
of a mile or more long, and there is enoi^h work in the vicinity 
to keep a tractor busy most of the time.^ Time lost in standing 
idle or moving long distances from one grading job to another 
reduces the economical advantage of a tractor on work not well 
organised. In many cases the hauling is done by a road roller. 
Tractors and rollers are particularly good investments where 
labor and teams are hired at high rates and not always obtainable. 
Mechanical traction is so much more powerful and rapid than 
horse traction, that its total saving on road work can only be 
figiu-ed by including the saving in labor chaises due to speedy 
construction. 

Where road grading is carried on by day labor by district offi- 
cials, preparation is sometimes made for it in late fall or early 
spring by plowing up the ground along the lines of the ditches 
sjmI slopes. This disintegrates the sod and prevents the roots 
of zrass and weeds from forming clods which must be broken 
up by disk hairows or thrown out of the road with forks. While 
it is allowable to build an embankment on good sod after it has 
been burned over, neither sod nor any other organic material 

* Traction grading with heavy road machines is better adapted fbr some 
•onditiona tlun others, and the advice of an experienoed engineer ahould be 
obtained before purehMiDg expensive equipment 
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should be allowed in the embankment unless reduced to small, 
disconnected bits. If clods are left in a fill, particularly in the 
top, it is very difficult to maintain by dragging a hard, uniform 
surface free from depressions and waves. 

Grading by machines is often followed up immediately by 
band trimming and the removal uf loose stone. Easing upon 
work by leaving steep, imtrimmed slopes and uneven ditches 
results in heavier maintenance expense. 

In organizing grader work, it is desirable to keep on hand re- 
pair parts of the machines, such as blades and whiffletrees, as 
well as plow points and other parts of the equipment likely to 
wear out. The small tools should be selected with care, for 
observation by efficiency specialists has shown that the shape 
of a shovel, for example, has considerable ^ect on the amount 
of shoveling a man can accomplish in a day. Hard earth cannot 
be dug economically by the shovel best adapted for loose earth, 
and neither is best for gravel and broken stone. 

On extensive work the elevating grader has proved an eco- 
nomical and rapid machine when a mile or more of road can be 
traversed without turning the outfit. Such a grader is often 
hauled by a traction engine, which rolls the material it passes 
over and thus assists materially in making a compact road. The 
method of using the grader depends upon the nature of the work 
to be done. In cuts, the grader often discharges the excavated 
material into wagons driven beside it until fuU. These wagons 
haul the material to the nearest fills. In light cuts, the material 
is deposited on the roadway and moved to the nearest low places 
in the road by slip or wheel scrapers. The cut is usually started 
at the shoulder and the grader moves toward the rosid^de on 
successive rounds, so that the excavated material is deposited 
nearer and nearer to the center of the road by the elevating and 
discharging device. The road should be dragged during con- 
struction, and as soon as the rough grading is finished it should 
be shaped at once. In this connection attention is called to 
the following comment by the Iowa highway commission: 

The impassable condition to which some contractors add ooimty road 
orews reduce their roads while cuts, fills and other improvements are being 
carried out, is absolutely inexcusable. The worst oondttions usually 
arise at leveling or smootninR up while dumping is in proijress. The dirt 
of the fill eo dumped packs irihiuDps ao that sometimes it is impracticable 
to eradicate the unevenneas for years. A. little care in spreadmg the dirt 
evenly at the time of dumping results in the fill packing m thin, even lay- 
era instead of humps. Such a road is travelable during construction, 
and when the fill is completed the job is done. A Marshall County road 
crew solved the problem by keeping a light road drag at hand. From time 
to time-a team was unhooked from a scraper and hitched to this. A few 
minutes work put the freshly dumpied material into thin layers instead 
of humps. 
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The utility of a road roller on earth roads is generally iinder- 
estimated. After the earth has been given as much crown as 
the road can have and still enable the traffic to use its entire suiv 
face readily, any further improvement of the surface drainage 
must be attained by decreasing the porosity of the earth. This 
can be done by oiling the road as described later in the section 
on Surface Applications, and by reducing the porea of the earth 
by rolling. The latter is particularly useful in compacting places ' 
of a yielding character. Many counties have purchased rollers, 
placed them in charge of competent men, and rent the outfits 
to the townships as the latter need them. In some cases, a roller 
is bought by a number of townships, acting be a whole. The 
work of a roller outfit is likely to be unnecessarily expensive if 
it is not carefully planned so as to avoid loi^ journeys to do small 
jobs. 



Earth roads under light traffic can be kept in good condition 
during a Ifurge part of the year by dragging and proper care of 
the ditches. It is an axiom in road maintenance that defects 
in the surface of a road should be remedied as soon as they 
appear, because traffic will develop them quickly. The earth 
road is particularly subject to injury because it does not have 
hard stone locked in place to resist the destructive effect of horses' 
shoes, narrow tires and pneumatic tires. On the other band it 
is more easily repured than any other road, because as soon as 
its surface is wet by rain the ruts and holes can be filled by haul- 
ing a drag over the surface. This scrapes material from the 
high pointe into the depressions and rubs down the whole sur- 
face. The following explanation of the nature of the improve- 
ment has been given by A. R. Hirst, State highway en^neer 
of Wlscon^: 

If & aample of moist earth ia taken from the travelod portion of a road 
over a gumbo, cl&y or black prairie soil, it will be found practically imper- 
vious to water, ae may be proved by forming a roughlT ehaped diah of damp 
earth and fiilms it with water. It will be noticed that tne dish is practi- 
cally water-tisht. Earth in this condition ia what the clay workera call 
puddled. It Has been worked and reworked by the carriage wheels and 
animals' hoofa until nearly all the traveled portion of a sticky muddy 
road ia covered with a layer of this impervious, puddled earth. Xs uaually 
found on most of the roads, this puddled earth is full of holes and ruts, 
whioh are filled with water that cannot escape through the impervious 
Boil. As long aa the water remains the aoU camiot dry out and the road 
is kept in a most uncomfortable if not impassable condition. It is alsa 
a matter of observation that this puddled earth when compressed and dried 
becomes extremely hard. On these two facts, the imperviousneaa of pud- 
dl»d earth and its hardness when dried, rests the theor y of road dragging. 
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Wheo the roftd drag ia properly used it Bpreods out the layer of imper- 
viouB soil over the aurface of the road, filling up the ruts and hollows until 
a smooth surface ia secured. As a small amount of material is always to be 
pushed to the center, a slightly rounded effeot will be given to the road, 
which may be increased or decreased as desired by subsequent dragging. 
By forcing the mud into the hollows and ruts it is evident that the water 
must go out, which it does by ruaninf; off to the side of the road. The 
dr3dng out of the road is thus much facilitated and the road is made imme- 
diately firmer because the water is squeeaed out. The effect of traffic 
over tile road tends to press down and thoroughly compact each thin 
layer of puddled earth which the drag spreads over the surface every time 
it is used. After the first few draggiugs it will be noticed that the road is 
becoming constantly smoother and harder so that the effect of a rain ia 
scarcely noticeable, the water running off the surface whioh is so smooth 
and hard as to absorb but little of it. 

The drag ie an old implement. It was described in a book by 
William Gillespie published in 1851 and widely used by stu- 
dents of engineering and public officials, yet the drag did not 
come into favor until about 1900. Even today it is not used on 
more than a small percentage of the roads where it should be 
employed regularly. It has a number of forms, the essential 
feature being two parallel blades held vertically or nearly so 
about 2^ feet apart by a frame of some sort. The bottom ot 
each blade scrapes over the surface of the road. The rear blade 
projects 12 to 16 inches to one side of the front blade so that 
when the drag is pulled at an angle of 30 degrees, the ends of the 
blades will be on a line parallel with the center of the road. The- 
drag is hauled by a chain, to which the team can be hitched at 
points that wiU inake the drag lie diagonally on the road as it is 
pulled along. The manner of its use has been described sub- 
stantially as follows by the United States Office of Public Roads. 

Under ordinary circumstances the position of the hitching link on the 
draw chain should be such that the runners will make an angle of from 
60 degrees to 75 degrees with the center line of the road, or in other words, 
a skew angle of from 15 degrees to 30 degrees. It is apparent that by 
shifting the position of the hitching link the angle of skew may be in- 
oreaseJor diminished as the conditions require. When dragging imme- 
diately over rata or down the center of the road after the sides have been 
dragged^ it is usually preferable to have the hitching liok at the center of 
the chain and to run the drag without skew. When the principal pur- 

Gee of the dragging is to inorease the crown of the road, the drag should 
sufficiently skewed to discharge all material as rapidly as it is collected 
on the runners. On the other hand, if depressions occur in the road sur- 
face, the skewmay perhaps be advantageously reduced to a minimum, thus 
enabling the operator to deposit the material which collects in front ot the 
nmners at such points as he desires by lifting or otherwise manipulating 
the drag. It is impracticable to prescribe even an approximate rule for 
flxing the length of hitch, because it is materially affected by the height 
of the team and the arrangement of the harness, as well as by the condi- 
tion of the road surface. Eicperienoe will soon teach the operator, however, 
when to shorten the hitch in order to lessen the amount of cutting done 



,y Google 



BABTH AND 8AND-CLAT E0AD8 



ridge," ia not left in the center of the road. 

When the road surface is BufSciently hard or the amount of material 
which it is desired to have the drag move lb sufficient to warrant the oper- 
ator standing upon the drag while it is in operation, he can greatly facili- 
tate its work by shifting his weight at proper timea. For example, if it ia 
desired to have the drag discharge more rapidljr, the operator should move 
toward the discharge end of the runners. Tlus will cause the ditch end 
of the runners to swing forward and thus increase the skew angle of the 
drag. The operator ma^, of course, produce the opposite effect by moving 
hia weight in the opposite direction. In the same way, he can partially 
control the amount of cutting which the drag does by shifting his weight 
backward or forward, as the case may be. 

The rule frequently cited, that all earth roads should be dragged 
immediately after every rain, is in many cases entirely imprac- 
ticable and is also very misleading because of the conditions 
which it fails to contemplate. It is true that there are many 
road surfaces composed of earth or earthy material which do 
not become very muddy under traffic, even during long rainy 
seasons, and since such surfaces usually tend to harden very 
rapidly as soon as the weather clears up, it may be desirable to 
drag roads of this kind immediately after a rain. Such roads, 
however, would not ordinarily need to be dragged after every 
rain, because of the strong tendency that they naturally possess 
of holding their shape. On the otber hand, many varieties of 
clay and soil tend to become very muddy under only light traffic 
after very moderate rains, and it is evident that roads constructed 
of such materials could not always be successfully dragged imme- 
diately after a rain. Sometimes, in fact, it may be necessary 
to wait imtil several consecutive clear days have elapsed after 
a long rainy spell b^ore the road is sufficiently dried out to keep 
ruts from forming almost as rapidly as they can be filled by drag- 
ging. In many cases of this land, however, it is possible greatly 
to improve the power of the road to resist the destructive action 
of tr^c during rainy seasons by repeatedly dragging it at the 
proper time. 

Maintenance by dragging is most successful when well organ- 
ized. The results obtained by good management in Hopkins 
County, Kentucky, are frequently cited as indications of this, 
and for this reason the following account of the work there is 
quoted from a report by the Kentucky department of highways. 

In 1912 a county engiaeer was appointed. The county roads were 
measured under his supervision and 2-miIe aeotioiw designated, and in 
Januar^f, 1913, drags were started on about 100 miles of the county roads. 
This original contract was only for dragging the roads, which work was 
to be done four times between January 1 and April 1, at a coat of $10 to 
$12 per mile. At the sections dragged were not continuous, the citiiens 
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at once appreciated the difference between the maintained road and that 
which was not maintained. Consequently the next contract, which 
called far dragging and bIho for cleaning the ditches for six month^, uatil 
I4ovember, 1S13, resulted in oontraots for ISO miles of road and at a re- 
duced cost. In November, 1913, a contract aubetantially like that now 
in u8e was adopted and the time of the contract was for one year, or until 
November, 1014. Over 200 milee were maintained this year at an average 
ooBt of $28 per year per mile. For the year from November, 1914, to No- 
vember, 1016, tne benefit of the maintained roads was so well understood 
by the citiiens that G60 miles were under oontraet at an average coat of 
i24.3fi per mile per year. 

In November, I9I5, a two-year cotitraot was entered into, which the 
county may revoke for non-performance of the obligation at the end of 
the first year. About 620 miles are now under contract, at pricea ranging 
from $12 to $40 per mile per year, the average being $22. 10. It is ezpeotea 
this mileage will soon be increased. Origi^lly a contractor was allowed 
to have charge of 8 miles, but now he ia not allowed to contract for more 
than 4 miles of road. Under the IBIS contracts the contractor must trim 
the branches which overhang and interfere with travel on the roadway; 
keep the roadway between dltchea free from shrubbery and weeds; keep 
the ditches clean, free from obstructions, and at ail times capable of car- 
rying the water. "He shall by June I each year grade the roads with duniip 
scraper, grader, drag and ditcher, or in any way he may see fit, so that the 
center of the roadway shall be crowned so that the water will flow from the 
center of the road to the side ditches, and at no place will the water stand 
on the road or run down the road. The road shall be dragged from ditch 
to ditch at each dragging, when the road is wet, but not sticky." 

A record of the number of draggingB is kept by the county engineer 
on cards which, before mailing by tne contractor, are countersigned by the 
rural route carrier or a reliable citiien. The contractor also hauls ma- 
terial and constructs all culverts and bridges of 10-foot span or under, and 
keeps the approaches to and the floors and abutments of all bridges and 
culverts on his road in good traveling condition. An analysis of these 
contracts shows that where the contract has been faithfully executed 
there is a decrease each year in the cost per mile, mainly because the far- 
mer contractor has learned from experience that continuous maintenance 
makes a lower cost of time and labor each succeeding Tear. 

In the semi-arid re^ons, the soil is often of a very light natur^ 
BO lacking in adherave quaUties that strong winds or flowing 
water erode it and travel abrades it rapidly into fine dust. It is in 
ite best condition to carry travel when it is moist, but if it be- 
comes saturated with water it is almost impassable. Chuck 
holes a foot deep are fortned in dry weather in an earth road 
through such soil, and as they become filled with light dust they 
are a serious impediment to easy travel. Clay or gravel con- 
taining clay improves the roads when worked into them. The 
ditches should be wide and shallow, rather than deep, and the 
crown should be rather low for an earth road, in order to retain 
moisture in the roadbed. For the same reason, all grading and 
ditching are best done just before or during the rainy season, 
in order to have plenty of water to pack the soil. On account 
of the pulverulent nature of the mat^ml, the ends of all culverts 



,y Google 



■ABTH AND SANS-OIAT BOADB 47 

must be planned carefully and riprap or some other material 
placed to prevent erosion about the inlets and outlets. The main 
problem with earth roads in such soils is to keep the roadbed 
damp and to incorporate with it adheuve or fibrous matmal 
which will act as a binder. 

Sand-Clay Roads 

The gr^ns of which sand is composed are usually hard and 
tou|^ and able to resist abrasion if held securely in place. In 
an asphalt pavement they are held by the asphalt and awearing 
surface of great resistance to abrasion results. In a sand-clay 
road they are bound together by clay in a less firm manner but 
one giving excellent results on well-drained roads carrying light 
traffic. Tlie aim of the builder of sut^ a road is to employ just 
enough of the stickiest clay at his command to fill the pores of 
the sand and to mix these materials together so thoroughly that 
there are neither lumps of clay nor pockets of loose sand left in 
the surfacing. This gives the maximum amount of hard sfind 
to carry the traffic and the minimum amount of clay to bind it. 
More sand makes a less durable road and more clay makes one 
which becomes soft more rapidly when wet. 

There is a great difference in the value of different clays for 
such work, ^me of them become dough-like when mixed with 
a certain amount of water and can be molded into objects which 
retain their shape after drying. If theae molded objects are im- - 
mersed in water they will retain their form for a long time. These 
varieties are called "plastic clays" and the most plastic are 
called "ball clays." There are other varieties which fdl to pieces 
more or lees quickly when wet, aa quicklime does, and they are 
therefore called "slaking clays." They are more easily mixed 
with sand than the plastic clays but they have much less bind- 
ing power and a road built with them is less durable when dry 
ai^ more easily rutted when wet. The amount of clay to be used 
can be determined by a simple field teet described aa follows 
by Andrew P. Anderson: 

From typical s&inplM of e&oh of tha available claya, test mixturw, 
Taryiug by one-half part, are made witb the sand ao that each olay is rep- 
reMnted by a set of mixtures rangmg by aueceaaive steps from oaepart 
sand and tnree parts clay to four parts sand and one part clay. These 

are worked up with y -^-- -■-■- - — " - ■-'-- — -• ' " 

two equal quantities a 

into reasonably true s] 

thoroughly baked, a set oi Bpueres represQauug auy uue ciay is putcou in 

a flat pan or dish and enough water poured ^ntly into the pan to cover 

them, care being taken not to pour the water directly on the samples. 3ome 

•ampWs will begin to disintegrate immediately. Those breakinK down 
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for the pKrticulftr materiala. Ths relative bmdiDg power o 

olsyB may then be determined by comparing the haidneu and reaiBtanae 
to abrasion of the vuioue drv aainples haniig the oorreot proportion of 
■and and clay, aa determined by the water testa. 

In February, 1917, representatives of 21 state highway depart- 
tneDta and of the U. S. Office of Public Roads reoommended the 
following mixtures for hard, medium and soft dasses of saitd-olay 
roads. 

Hard class: Clay, 9 to 15 p^ cent; silt, 5 to 15 per c^t; total 
sand 65 to 80 per cent; sand retained on a 6(Mne8h sieve, 45 to 
60 per cent. 

Medium class: Clay, 15 to 25 per cent; silt, 10 to 20 per cent; 
total sand, 60 to 70 per c^; sand retained on a 60'ine3h sieve, 
30 to 45 per cent. 

Soft class: Clay, 10 to 25 per cent; silt, 10 to 20 per cent; 
total Band, 55 to 80 per cent; sand retained on a OO-mesh sieve, 
16 to 30 i>er cent. 

By clay is meant material separated by subsidence through water 
and possessing plastic or adhesive properties; it is generally below 
0.01 mm. in diameter. By silt is meant the fine material other 
than clay which passes a SOO-mesh sieve and iB generally from 0.07 
to 0.01 mm. in diameter. By sand is meant the hard materia 
which passes a 10-mesh sieve and is retained on a 200-mesh sieve, 
and is generally from 1.85 to 0.07 mm. in diameter. 

The larger part of the following explanation of the construc- 
tion of sand-clay roads was prepared by W. S. Keller, State 
engineer of Alabama, where many miles of sand-clay roads have 
been built and are giving good satisfaction: 

Every farmer who Uvea is a section of country where both aand and 
clay are prevalent, ia more than likely travelii^ over a aeotion of natural 
aand'Clay road btlt is ignorant of the fact. He can aall to mind some 

Siarticular spot on the road he travels, though it may not be more than 100 
eet in lengtii, that in always good and rarelv requires the attention of the 
road hands. Good drainage will be noticed at this place and if he takes 
the trouble to investigate, he will And that a good mixture of sand and 
clay forms the wearing surface. If this 100 feet of road is always good 
then the entire road can be made like it provided man will take advantage 
of the lesson taught by catuTe and grade the road so that the drainage 
will be good and surface the balance of the road with the same material. 
If it is not possible to find this ready mixed surfacing material convenient 
to the road it mav be possible to find the two ingredients in oloae proximity. 
In case the road after grading shows an excess of sand, clay should be 
added, or in case olay predominates, sand should be added to produce 

Eod results. There are four general ways in which sand-clay roads may 
built: 

1. Ready mixed sand and clay placed on olay, sand or ordinary fotu- 
dation. 

2. 8«nd and «lay placed on soil foundatioa and mtxwL 
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3. Clay hauled on a s&nd foundation and mixed with the und. 

4. Sand hauled on a clay foundation and mixed with the olay. 
Taking up the various methods in order: 

1. A natural mixture of sand and olay can often be found where the 
two materials are found separate. The moat important point ia to know 
the natural mixture when seen. The very best guide to this is to find a 
natural piece of good road. A sample from the best of this good section 
will, by comparison, indicate what is required, close to the road to be sur- 
faced. This natural mixture of sand and olay oan be noticed where red 
elay and sand crop out, usually well up in the niUs, having in ditches and 
cuts the appearance of red sandstone. A good stratum of well mixed 
Band and clay will stand perpendicular in outs and ditches, resLating ero- 
sion almost as well as sandstone. A test of the best natural sand-clay 
mixtures will show the sand forms about 70 i>er cent of the whole. The 
test is very simple. Take an ordinal? medicine glass, measure 2 ouooes 



of clay originally contained ii 

Before ^lacin^ any aand-clay on the road, the road should be graded 
to the desired width. The surface of the graded road should be flat or 
slightly convex. The sand-clay should be put on from S to 12 inches in 
thickness, depending on the character of the subgrade or foundation. 
With a hard clay for foundation, 8 inches of sand clay will suffice. If the 
subgrade ia sand it is well to put on as much as 12 inches of the surfacing 
material. After a few hundred feet of surfacing material has been placed; 
a grading machine should be run over it to smooth and crown the road 
surface before the top becomes hard and resists the cutting of the blade. 
It is a good plan to turn the blade of the machine so as to trim the edges 
of the surface part, discharging the excess sand and clay onto the earth 
shoulders. After one round trip with the blade turned out, the remaining 
dress work with the machine should be with the blade turned in, with the 
exception of one trip down the center of road with the blade at right angles 
to the axis of the road for the purpose of distributing any exoess of mate- 
rial left in the center. 

After the machine work, it is well to follow with a drag, which smooths . 
any rough places left by the machine and leaves the roaid with a smooth, 
even surface. A sand-clay road, unlike other roads, cannot be flmshed 
in a short space of time. It can be left in an apparently finished condi- 
tion with a nard smooth surface, but it will be found on close examina- 
tion that the hard surface is in reality only a crust, below which there are 
several inches of loose material. After the first hard rain the orust soft- 
ens, the road becomes bad and the work appears to be a failure. This, 
however, is just what is needed to make it eventually good. After the 
surface has dried until the mass is in a plastic state, it should be dragged 
until the surface is once more smooth, with proper crown, and should be 
kept Uiis way by drag^g at least once a day until the sun has baked it 
hard and firm. The mistake of keeping traffic ofF during this process of 
resetting should not be made. The continuous tamping of the wheels of 
wagons and hoofs of horses is just what is needed to compact the sand- 
clay into a homogeneous mass. The ordinary roller is not very eSectiva 
in this work, but corrugated rollers have given excellent results. One 
type which is widely used has 18 cast-iron wheels weighing 300 pouniii 
each, which compress the bottom of the mixture first. As the material 
becomes more and more compact the wheels ride hi^thar and higher and 
finally the surface is so hard that ths roller does not sink into it at all. A 
drag 19 an indispensable machine in the oonstruotion of any kind of land- 
olay road. 
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2. Sftnd and el&y placed on a soil foundatioD and mixod. This i> nw- 
Moary where the old road haa neither a sand nor clay foundation and it 
is impoSBibte to find the two ingredjentg ready mixed, but posaible to get 
both in separate state near at hand. The olay diould nrat be pUoed 
on the road to a depth of 4 iuohea and the required width. It is not 
wise to place more than a few hundred lineal feet of cla^ before the 
Band ia hauled, aa the clay rapidly hardens and makes the mixins process 
difficult. After, say', 400 feet of clay has been placed, the olaj' should be 
broken by ueana of a plow and harrow, if it has become hard, and. sand to 
a depth of 6 inches placed on it. This should be plowed and harrowed in 
thoroughly. This ia best done immediately following a rain, aa the two 
can be more eatisfactorily nuxed. The traffic aids the mixinK and should 
be eDcouraKed on the road. After the maaa appears to be well mixed, the 

road shoula be properly shaped, aaprevio — ' •!--• ■»"- ■ -• — " 

be given watobtui attention ana should si 
plowing and mixing should be givea it. 

3. Clay hauled on a land foundation and mixed with the sand. The 
mixing proceae ia aimilar to that described under seoond head. It is only 
necmsarjr to add that as the foundation is sand, a little more olay will be 
necessary than where the foundation is of clay^ or soil. 

4. Sand hauled on a olay foundation md mixed with olay. The olaf 
foundation should be plowed to a depth of 4 inches and harrowed with a 
disk or tooth harrow until the lumps are thoroughly broken or pulver- 
iied. Sand should then be added to a depth of 9 inches and mixed aa be- 
fore described. 

Sand and clay can be mixod beat when wet, but as moat road aonstruo- 
tion is done in ute summer months, it is necessary to do most of the mix* 
lag dry and keep the road in shape after the firat two or three raina, while 
ttie paasin^ wagooa and vehiolea give the road a final net mixing. A aand- 
clay Toad u tlw cheapest road to maintain, for the reason that it can b* 
repaired with its own material. With a drag or grading machine ruts 
ean be filled with material eoraped from the edges, whereas on gravel or 
macadam roada, this is not posaible. The repairing of these roads can be 
done almost exclusively with the drag, only enough hand work being m- 
qoired to keep the gutters open and the growth of weeds cut on the sbould- 
ere. Holes are repaired by addingmoresand-clay, and when many of them 
appear fresh sand-olay should be. spread over the surface of the road. If 
tne road gets into really bad condition, the roadbed should be plowed up. 
roBhaped and fresh sand-olay added. This is unnecessary where the road 
ia 'maintained properly and the travel ia not too heavy for the type of 
eonstniotion. 
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At the close of 1914, 45 per cent, of the aurfaced roads in the 
Umted States were gravel roads, aa ^own in detail in a table in 
Part III of this volume. The presence of good gravel in many 
parts of the countiy and the low cost of constructing and main- 
taining gravel roads will make them a leading type for many 
years to come. 

Some gravels are much better for road construction than 
others. In Michigan, where three-fifths of the surfaced roads 
are built of gravel, the value of this material for the purpose 
IB held to vary with the percentage of pebbles in it, the road- 
building value of the rock of which the pebbles are composed, 
and the cementing properties of the fine material mixed with the 
pebbles. In this State at least 60 per cent by weight of the 
gravel for state reward roads must be pebbles larger than J-inch. 
No pebbles larger than 2) inches are used in the bottom of the 
road and none larger than 1^ inches in the top. The binder 
required for holding the pebbles together is clay, uniformly mixed 
with the pebbles, free horn lumps, and amounting to not over 
10 per cent of the total weight of thQ gravel. 

There is a large mileage of grav^ roads in New Jersey, and 
as a result of experience with them, the State highway depart- 
ment rejects gravel with over 5 per cent retained on a l)-inch 
circular opening and over 35 per cent retained on a }-inch cir- 
cular opening. Three grades are recognized. Grade A is a 
pebble gravel with a clay binder with not less than 25 nor more 
than 35 per cent retained on a J-inch circular opening, not less 
than 40 nor more than 60 per cent retained on a lO-mesh sieve, 
not* less than 8 nor more than 20 per cent passing a 200-me8h 
sieve, and the balance a fairly well graded sand. Grade B is a 
sandy gravel depending upon oxide of iron for its cementing 
properties, with 20 to 40 per cent retained on a 10-mesh sieve 
and 10 to 25 per cent passing a 200-mesh sieve. Of this material 
passing a 200-mesh sieve, at least 40 per cent must be soluble 
m a 1 :3 dilution of hydrochloric acid. Grade C is gravel which 
does not fall under either of the previously mentioned grades but 
is approved by the engineer for the bottom part of gravel roads. 

' Rerised by Frederic E. Everett, State Highway CommiBaioner of New 
Hampehira. 
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In niinoia, tbe State highway department requires the gravel 
to be rather unifonnly graded in eize from fine material to peb- 
bles that will just pass a SH^cIi nQg> ^ud not over 15 per cent 
of the mass (exclusive of clay) pas«ng a ^-inch ring. It must 
not contain over 5 per cent of loam but it must have 15 to 25 
per cent of clay by dry measure. If a local gravel does not form 
a good bond, the contractor must supply a bonding gravel for the 
top 2-inch of the road. All of this material must pass a I-inch 
screen and contain 40 per cent of pebbles retained on a i-inch 
Bcareen and from 20 to 30 per cent of clay and loam, not more 
than 6 per cent being loam. 

The variations in these specifications show the range of prop- 
erties of the materials found useful by experience. Few attempts 
have been made to prepare a general specification for road gravel 
on this account. The following requirements were adopted by the 
American Society of Municipal Improvements in 1916 and re- 
commended by the Committee on Materials for Road Con- 
struction of the American Society of Civil Engineers: 

Two mixtuTCB of Er&Tel, sand and clay shall be used, hereinafter desig- 
nated in these BpeciBcations as No. 1 product (for top course) and No. 2 
product (for middle and bottom courses.) 

No. 1 product shall coostst of a mixture of gravel, sand and clay, with 
the proportioDS of the various sizes as follows: All to paaa a IJ-inch screen 
and to nave at least 60 and not more than 75 per cent retained on a }-inch 
screen; at least 25 and not more than 76 per cent of the total coarse aggre- 

Kte (material over j-inch in size) to be retained on a {-inch screen; at 
kst 6fi and not more than 86 per cent of the total fine aggregate (mate- 
rial under i inch in size) to be retained on a 200-mesh sieve. 

No. 2 product shall consist of a mixture of gravel, sand and clay, with 
the proportions of the various siies as follows: All to pass a 2}-inch screen 
and to have at least 60 and not more than 75 per cent retained on a ^inch 
screen; at least 26 and not more than 76 per cent of the total coarse aggre- 
gate to be retained on a 1-inoh screen: at least 65 and not more than 86 
per cent of the total fine aggregate to he retained on a 200-meBh sieve. 

It is evident that the most useful information concerning the 
value of any gravel for road work is obtained by examining a 
road built of it. If there is a good gravel road and the source 
of this gravel is not known, a sample of the gravel can be analyzed 
mechanically by a portable sand tester, and the gravel deposits 
in the vicinity tested by the same instrument until one is found 
lowing about the same properties. An exact agreement should 
not be expected. Tests of the gravel in a satiSactory road in 
the State of Washington and of the material in the pit from 
which it was obtained gave the following variationa: 
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Meehanieat Analyttt of IdeiUieal Oravel Sampled at Pit and in the Boad 
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Where coarse gravel is composed of rock pebbles ^ving ft 
cementitiouB powder some engineers consider it unwiae to use 
enough clay binder to fill the voids. If roads of coarse gravel 
bound with a large amount of clay are used by many automobiles 
the pebbles become dislodged and the road does not become hard, 
it is claimed. Consequently these engineers prefer to use a 
emaller amount of clay and to allow the traffic to wear down the 
road and produce the necessary binder by attrition and internal 
disint^ration of the mass of gravel. This process makes it neces- 
sary to maintain the road carefully for some time after its com- 
pletion, but is stated to give a better road eventually with some 
classes of gravel. 

In New England, where gravel roads have been built extenBive- 
ly, it is generally considered safe to use on roads for light traffic 
the gravel from any pit where the face stands vertical and has 
to be loosened before it can be shoveled. Other gravels usually 
have to be suppli«l with a binder. It is always desirable to make 
a careful search for all deposits of gravel and an examination 
of the quality of each before deciding upon the deposit to use. 
In Dubuque County, Iowa, for instance several months were 
spent in such an investigation because the local limestone was 
too soft for road use. finally a satisfactory pit was found 1| 
miles from the road to be improved, and by transporting it on 
a light narrow-gauge railway ;to the road and then distributing 
it by branches of this railway and by motor trucks and dump 
wagons, its cost on the road was kept down to a satisfactory 
figure, 

PrepariTtg the Oravel 

The management of the gravel pit should receive enough study 
and attention to make sure that the material is delivered to the 
wagons or cars at the lowest cost. The oi^aiuzation for the 
purpose will depend upon the location of the pit, the quality of 
the gravel and the quantity of material to be taken out. Where 
there is only a small percentage of the gravel which is over sin, 
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and the remainder runa a uniformly gcx)d mixture, the lai^ 
Btouea can be removed by a Sat gravel screen, or, on small wor^, 
can be forked out during loading. It is not always necessary to 
go to the expense of screening. With a good foreman in the pit 
it nmy be possible to get a proper mixture of the material from 
a pit where the gravel lies in strata of different sized pebbles, 
provided there is also a good foreman on the road, so that the 
strippinga, if any, will be placed on the shoulders and the over- 
large material will be used for foundations in low places. 

Where there is a considerable proportion of overlarge stone 
in the gravel it is customary to set up a crushing and screening 
plant at the pit. For example, Kane County, Illinois, has an 
outfit consisting of a jaw crusher, screen, elevator and storage 
bin holding 15 cubic yards. The gravel is first screened, because 
by takii^ out the material of suitable size for road work only the 
large stone is fed to the crusher and its capacity is thereby much 
increased. The presence of the small stone in the crusher tends 
to clog it and retard the breaking of the large stone. The screened 
and crushed material is discharged by gravity from the bins into 
the 5-yard motor trucks which are used for delivering it. The 
pit material is delivered to the screen by a belt conveyor, 18 
inches wide and 40 feet long. One end of the belt is under a plat- 
form having a hopper over the belt. The gravel is brought by 
slip scrapers to the platform and dumped through the hopper 
onto the conveyor. 

In some plants of this charaoto' the gravel ia run over a bar 
screen or"grizzly" which holds back all oversize stone and delivers 
it to the crusher. This keeps the large stone entirely out of the 
screen. In Wisconsin work the screen has ^inch perforations 
for the first half of its length and l}-inch pierforations for the 
second half, giving three sizes of gravel. The jaws of the crusher 
are set to give about equal parts of the two coarser sizes separated 
by the screen. 

As the pebbles composing gravel are rounded and do not lock 
together as well as broken stone, it is customary to use somewhat 
smallersizes of gravel than of crushed stone. Gravel obtainedfrom 
beaches and rivers is usually more rounded than that from pits 
and consequently may not be so good for roads, unless suitable 
landing gravel can be used for a wearing surface or limestone 
■creenings or other good binding material can be used with it. 

Pit-run Gravel Roads 

Many miles of gravel roads have been built by dumping the 
gravel on the roadbed, spreading it roughly and allowing 
traffic to consolidate it. The consolidation is a tedious process, 
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but good roads often result in the end, particularly if the road 
IB kept well dragged so that ruts and holes are prevented. Bet- 
ter results are obtained, however, if the gravel is rolled after it 
is spread. The loads of large stone should be dumped at the low 
or soft places on the roadbed. In deep, mealy sand, the sub- 
grade is sometimes covered with marsh hay, wet sand or fine 
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Weight in Pound* Per Cubic Yard of Sand and QtomI. From "Mineral 
BeeouTcea of the United SiaUi, IBIS." 



Alabama 

California.. . 

Florida 

Illinois 

Indiana 

lov 



Kentucky.. , 



Masaachuaetts 
Michigan . . . 
Mimnesota. . 
Mieaouri. . . . 
New Jersey. 
New York. . 
Ohio 



Oregon... 
PennsylvaDia 

Texas 

WasbinKton. 
W. VirgjJnia, 
WiBconain.. . 
Average 



2780 
2970 
2820 



Note: The average weights were obtained from 670 producers of sand 
and 560 producers of gravel in all parts of the country; the range was 
from 2200 to 4000 pounds for sand and from 2200 to 4300 pounds for gravel. 
The weights given for each state are the averages of the reports from ten 
or more producers in that State. 

brush to bold the gravel. The stone should be well raked and 
no stone larger than 2 inches should be allowed in the top of the 
road. 

It is best to lay the gravel in two courses, each 5 or 6 inches 
thick when loose. The spreading of the first course b^ns at the 
place on the road where the gravel reaches it and in this way 
the material is consolidated by the teaming over it. When this 
is very hard work enough clay is sometimes added to pack the 
gravel. Some engineers require this course to be harrowed. 
It is desirable to shape this course with a gradii^ machine and 
roll it, but if the equipment is not available it can be improved 
by using a drag or a road plane, as described on page 266. 

After a considerable stretch of the bottom course has been 
finished, the second course can be started, beginning at the end 
farthest from the gravel pit, so as to have the teaming do as much 
consolidation work on the bottom course as possible. Some 
engineers require the entire bottom course to be fimshed before 
the second is started. It is best to harrow the second course be- 
cause pit-run gravel usually needs good mixing and the harrow 
will bring the large stones to the surface, so they can be thrown 
aside. If the gravel needs a binder the harrowing will help to 
distribute it evenly. If too much clay is added the road is likely 
to rut in wet weather and be dusty in dry weather. After the har- 
rowing, the surface is shaped with a grader, if one is available, or 
with a drag or plane. It should then be rolled, and with some 
gravel the rolling gives the best results if the road is first wet. 

Gravel is a surfacing material; it will not make a defective 
roadbed good, although it may temp(U-arily improve it. Con- 
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sequently it ia beat to allow a new roadbed to be used as an earth 
road for a year, ao it will have a chance to settle. If it is kept 
well drained durii^ this seasoning period, it will become hard 
enough to sustain the gravel. If it is known that gravel will be 
placed after a year's use, the earth road should be dragged to a 
very flat crown, in order to prevent too much crown in the gravel 
road. When gravel must be placed on a fresh roadbed, it is 
sometimes advisable to lay a S-inch course and allow that to 
become consolidated by traffic before the second course is laid. 
If there are any defects in the roadbed they will become apparent 
during the early use of the road and can be repaired before the 
completion of the surfacing. If only the bottom course is laid 
the first season it should be well dragged, for inequalities in the 
bottom course are usually reproduced in the upper course, no 
matter how carefully the latter is laid and shaped. 

There are two methods of placing gravel. That usually em- 
ployed on pit-run gravel roads is called the feather-^ge method. 
The roadbed to receive the gravel is graded to a very small crown 
and the gravel is spread on it to a nearly uniform thickness until 
within about 12 inches of the edge, when the bed is sloped off to 
a mere row of pebbles at the edge. In the second method of con- 
struction, a shallow trench, sometimes called a "gravel bed" 
or a "box," is excavated in the top of the roadbed, and the gravel 
deposited in it. If it rains this trench is likely to become muddy 
and to prevent tins drainage channels should be cut through 
the shoulders to the side ditches. Bank gravel will become con- 
solidated and shed water more quickly than stream gravel and 
it is better suited for the trench method in consequ^ce. The 
feather-edge method is less expensive and more easily carried 
on if traffic must be permitted on the road during construction. 

The following explanation of the construction of a two-course 
feather-edge gravel road was written by H. E, BUger, road engi- 
neer of the Ilbnois Highway Department: 

WheD the bonding material in the grsvel is not entirely BatiBfactory 
with respect to botn quality and auantity, it is usually advisable that 
two-oourse construction be adopted. Whether or not the work ia to be 
done by contract, it ia important that there be used some positive and 
accurate method of determining the volume of gravel delivered upon the 
roadbed. There are several methods by which this can be accomplished, 
but experience seems to indicate that by the use of temporary side- 
board lonne the desired results can be assured and this method is not 
uneconomical. 

Upon the satisfactory completion of the roadbed there should be set 
thereon, true to line and grade, temporary side forms having a width 
equal to the depth of the loose gravel, which should be shown on the plans. 
These boards saould be held in place bv stakes at such intervals as will 
prevent lateral deflection greater than about 3 inches from the true align- 
ment. Whether the gravel ia hauled by wagons, motor trucks, industrial 
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graTel for the lowar hut of the rokd, it ehoidd be distributed to a ti 

depth by the use of ft blade grader, dr«g scraper, or otherwise. While 
this oouree is beicg s^re&d, all the larger stone should be raked or other- 
wise placed directly in contact with the subgrade. Upon this course of 
gniyel there should be placed auch an amount of bonding ola^ aa may be 
necessary in order that the gravel will comply with the specifications. 

After the gravel has been spread it should be thoroughly harrowed 
several. times over until the cores formed by dumping it have been entire- 
ly loosened up to a density equal to that in the other portions of the gravel. 
The importance of this thorough harrowing can scarcely be overestimated, 
for in order to secure the results it is essential that the voids in the gravel 
be reduced to a minimum, which means that a maidmum density of mat«~ 



be reduced to a mmmium. which means that a maiamum density of m 
rial must be obtained, and this density is cloaely approached by oarrowing 
until the pebbles of the several sixes become so placed as to occupy the 
■paces between those of a large sice. The cost of this harrowing as com- 
pared with the results obtained is practically negligible, and if necessary 
it would actuallv be more advisable to do away with the rolling and retain 
the harrowing ttutn to do away with the barrowins and retain the rolling. 
The harrow should be of the stiff tooth type, and snould have metal t«etli 
at least l-inch in diameter, extending about 6 inches below the frame. 
The spacing of the teeth Bhould be such as will admit of the free passage 
of the stones between them, and yet so displace them as to produce the 
density desired. The design of tne harrow should provide a weight of 
from 8 to 12 pounds upon each tooth. 

After tlie second course of gravel has been placed, it should be spread 
until its upper surface comes nush with the top of the side forms and its 
cross section conforms to that desired. The forms should then be removed 
and the gravel allowed to take its natural position. Upon this second 
course there should be distributed the neceaaary quantity of bonding 
. cla}[. It should then be thoroughly harrowed several times, aa before, 
until the cores formed \)y dumping tne gravel have been entirely loosened 
up and the clay has been uniformly distributed throughout. The har- 
rowing should continue until a uniform density of material is obtained 
throughout the upper course. 

Having done tnis, the earth shoulders should be shaped by the nec- 
essary cutting and filling until the cross section conforms approximately 
to the finished work. Material other than the natural eartn should not 
be used in forming these shoulders, and all vegetable matter should be 
strictly prohibited from entering into the work. Upon having shaped the 
shoulders, the graded roadway over the entire width should be rolled sev- 
eral times over until it is thoroughly compacted, forming a firm, smooth 
surface, free from waves and accoraing to the requirement of the plans. 
The rolling should begin at the extreme outer cdgos of the shoulders and 
should work toward the center, at each rolling of the gravel allowing an 
overlap of one-half of the width of one of the rear wheels, and each wheel 
should cover the entire gravel surface. 

Should the condition of the gravel or its bonding material be such aa 
not to compact readily under the action of the roller, sprinkling or other 
means should be employed to compact the gravel aa the engmeer may 
direct. The speed of the roller should not exceed about lOO feet per min- 
ute. It is quite probable that after rolling there will appear either on 
the shoulddrs or the gravel certain depreseions and other irregularities. 
To correct these defects suitable material should be added or removed 
and they should then be reroUed. The finished surface should conform 
to the cross section shown on the plan and should present a smooth and 
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even Appe&raiice. Should the grave), with it« natural or artificial mixture 
of bouamK cLay, for the upjMr 4 inches of the road, be of euch character 
that it will not insurt a satiafactory wearinK Burface with a dense body 
and uniform texture, a l-inch coating of bonaing gravel should be applied 
utufonnlvover the entire surface of the gravel road. This bonding gjravel 
■hould tnen be raked and rolled into the road surface until all the inter- 
■ticea are filled and the surface ia smooth, of a uniform texture and free 
from waves. 

Screened Gravel Roods 

In aome States, preference is given to gravel roads built like 
macadam roads, the gravel being screened so that the courses 
will be composed of material of different sizes. This is the case in 
Wisconsin, for instance. In that State, except on sandy road- 
beds, construction is started at the end of the road farthest from 
the gravel supply, when screened gravel is used, because the 
roller can be run continuously without interfering with the teams 
bringing the gravel. The first course consists of material from 
I| to about 3 inches in size spread to a loose depth of 6 inches, 
"nie voids are filled with gravel under ^-inch in size and the road 
is then rolled. This course is laid for a distance of about 400 
feet, and the second course is then started. This consists of 
about 5 inches of ) to l{-inch stone with the voids filled like 
those of the bottom course. The surface is shaped with a grader 
and rolled and fiushed like a macadam road. 

In many instances better results are obtained, according to 
J. T. Donaghey, chief inspector of the Wisconsin highway com- 
mission, by crushing the gravel fine enough for practically all 
the material to pass a l|-inch ring. The screen is partly jack- 
eted eo that just enough of the material passing the g-inch open- 
ings ia carried into the } to If-inch size to fill the voids in the 
latter. This mixture is used in both the bottom and top courses 
and results in a type of road which Mr. Donaghey considers 
more easily built, more satisfactory and more cheaply maintained 
than any other gravel type. Where clay is added to assist in 
bindii^ or there is naturally an excessive amount of clay in the 
gravel, it is advisable to place a covering of sharp aand or gravel 
on the finished surface to protect it until the excess clay has worked 
to the surface and washed off. 

In the work in Kane county, Illinois, to which reference has 
already'been made, George N. Lamb, county superintendent of 
highways, places the lower course in a trench or box and rolls it 
and the shoulders until there is no difference of elevation where 
they meet. The second course is then placed with the edges 
feathering out a foot or two over the shoulders. 

The following instructions for preparing the sul^rade were 
issued in 1914 by the Wisconsin highway commission: 
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Starting at the deBired point, set two stakes opposite the rsfsrenoe 
stake^ the distance between them being the width ol the new road. To 
do this, refer to the Erade sheet, which siTes the diatanoe fnim the side 
stake (placed when the aurvej was made) to the center of the new road. 
Subtract from this distance one-half the desired width of road and 
put in a stake with inside edge at this distance from the reference stake. 
Opposite this stoke place another with ite inside edge distant the width 
of the road from the inside ed^ of the first one. All stakes forsubgrode 
should be made of i-inch round iron about 24 inches long, and about twenty- 
five should be kept on each surfacing job. Stake out 700 or SOO feet at a 
time. Be sure that the stakes are in line, except at bends or on eurrss. 
Usuallv curves will have to be staked out by eye to get good results. 

_ WitL a road plow cut as close to the inside edge of stakes as possible 
withour disturbing them, turning the furrow toward the center of sub- 
grade. Plow about 6 inches deep. One furrow on each side is general^ 
sufficient. Flow should be equipped with shoe or wheel and comter. If 
a rooter is used, three furrows on each side will usually be necessary. Make 
first cut about S inches deep as close to stakes as possible, the next 6 inches 
nearer the center of the road. Drop the shoe down so rooter will run 
about 3 inches deep for the third cut, working 6 inches nearer center of 
Bubgrade than previous furrow. 

A li^ht grader that can be handled with two horses is best for shaping. 
Use with the blade so set as to move the plowed ground from the center 
of trench or subgrade on to the bank outside of stake line. This work 
cannot be aeeompliBhed neatlv with the grader alone, as some of the earth 
will roll back into the trencn under the beet of conditions. Make- the 
trench deep enough. The depth at the sides should be at least the total 
loose depth of the two courses of material and more than this on sandy 
soils. It is much easier to throw out exoeas material with the road grader 
after the surface is laid than it is to bring extra material up from the 
ditches or to haul it in by wagons during the-finiehing when the trench has 
not been made deep enough to hold the stone. Nothing is more essential 
than a good solid shoulder, and the time to get it ii before material is 
placed m the trench. In clay soils after makmg the trench, plow drains 
through the shoulders every 60 feet on both sides ond every 25 feet at low 
points between hills and immediately clean them out so they will drain 
the subcrade in case of rain. 

The following procedure is not advised, a« it is usually the most expen- 
sive way of getting shoulders. If the road has once been covered with 
crushed stone or gravel, and it is not desired to tear up the old surfaoa, 
shoulders can be brought up to the stakes by bringing in dirt with the 
road machine from the side banks or from the ditches (if the latter mate- 
rial is fit to use), or can be hauled in with wagons. If the old road has a 
crown of one inch to the foot^ it will take approximately 1,100 cubic ^arda 
of compacted material per mile to build up 6-mch shoulders and retam the 
minimum width of 20 feet on top. The cost of hauling and placing this 
material is usually very much greater than the value of the stone or gravel 
saved. As a matter of fact, no material is wasted if the subgrade or toeueh 
is cut in the old surface, the stone or grayet thrown out making an excel- 
lent shoulder. Failure is inevitable if an attempt is mode to build a gravel 
or stone road with a heaw roller without first getting proper shouldan 
to sup])ort the material while it is being rolled. 

Straighten up stakes and drive them firmly. Tie a chalk or binder 
twine line to stakes on each side so line will draw on inside faces of stakes, 
drawing it tight. It is usually beet to put in additional stakes at 50-foot 
~x>ints so this line will not sag. These lines aie to guide the laborer ia 
E the sbouldsrs so the edges will be straight and the grade uni- 
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form. On a 0-foot ro&d, if theae lines kto Mt 7 inohea above oenter of 
aubgrado, tbey will b« 1 foot higher than the bottom of trench at the 
shoolder. On a I6-faot road set linea ioohee above center of subgrade. 
Thaf will then be one foot higher than the bottom of trench at the ihoulder. 
lite blade of an ordinary iquare point dirt ahovel ta 1 foot long and oan be 
uaed by the laborer to tell when trench ia deep enough at aidea by setting 
Uade of ahovel up to line. When tienoh ia finiahed, it ahould run with a 
uniform elope from center to edge. Clean out drainage trenchea through 
aboulders. eo that they really drain out from the trench. Thia will keep 
the trencli from fillinK up in onse it rains. It is well to widen the tnnon 
and road on the inside of ourrea, and to elevate the outer edge of curvea. 
After the Bubgrade haa been properly shaped to the same crown (or. 
better, a slightly greater crown) than the finished road is to have, it ahoula 
be rolled until hard, especially if recently filled. Any hollows that devel- 
op during the rolling snould oe filled. Roll enough, but stop befot« the 
top layer of earth starts to slip. Wet spots in the aub^de should b« 
shoveled out, filled with good earth or cmders and rolled. Don't leave 
sink holes with the expectation of filling them with crushed stone. Tbey 
must be dug out and refilled with good material if a firm aurfaoe is to ever 
be gotten at that point. 

In spreading gravel or broken stone many engineera place on 
the subgrade wood or concrete blocks of the deored loose depth 
of the course. In Wiaconan, however, the material is ^read by 
requiring a load to cover a certain length and width of surface. 
The foreman is given a table of the length of 9-foot road which 
[oade of diEFerent sizes will cover and the spreader is required to 

LmgA of Road in Linear Ful Which a Load of Stont of Oitm Situ tmll 
Conr to the Oietn Loom Depths, Based on Table of Wieeontin Highvay 
Commietion. 
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make the loads cover just this length. When this method is 
followed it is convenient to have the loads hauled of the same 
size. The man placed in charge of the spreading should be se- 
lected carefully, because a large amount of money can be wasted 
by placing too much materia on the road. The depth of the 
loose material should be checked as often as possible on this 
account. 

When the gravel is bought by weight it is the ^^sconsiii nils 
to take the weight of a cubic yard of pit gravel at 3000 pounds 
and of crushed gravel at 2650 ^un(&. If the material is wet 
it will weigh more than when it is in a normal condition and al- 
lowance should be made for this. 

Special Binders 
Qravel roads are now being built for quite heavy traffic with 
binders saving greater toughness to the road than clay or rock 
powder will afford. Examination of many roads after several 
years of use has shown that there is less large stone and more 
small stone in them than when they were built. This change 
is consid^«d due to the internal disint^;ration of the stone by 
the loads coming upon it, part of the reduction taking place when 
the road is heavily rolled during construction and part later under 
heavy travel. The special binders are used to hold the stone so 
firmly together that after the rolling of the road there will be no 
further internal disint^^ation. The method of using bituminous 
binders for this purpose is explained in the chapter on bitumi- 
nous roads, and the method of using glutrin in the chapter on 
broken stone roads. 

Mairtienanee 

The maintenance of gravel roads must b^n immediately 
after the road is thrown open to travel. A small hole in a gravel 
road, unless immediately repaired, soon becomes a large hole. A 
few urge holes mean a ruined road and a large expense for resur- 
facii^. Furthennore a gravel road, no matter how well rolled, 
cannot be considered finished until traffic has gone over it and 
tested CiVViry part. For this reason, some engineers allow traffic 
on the road before the roller has left it, so that any weak places 
may be revealed and repaired at once while the equipment is 
still at hand. The rounded pebbles of pit gravel do not inter- 
lock like pieces of crushed stone but are usually held together 
by a clay binder which is not so strong as the cementitious pow- 
der from some classes of rock. Until travel has broken down 
the pebbles and furnished rock powder which will act with the 
clay and form a rigid mass, a gravel road is not so firm as a crushed 
sttme road and needs more maintenance. 
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The gravel roads of New Hampshire are used throughout the 
summer by a heavy automobile tra£5c, particularly on Satur- 
days and Sundays. Th^ Eire nevertheless kept in good condition 
by the patrol sy^em of maintenance at very low cost, consider- 
ing the destructive use to which they are subject. Each patrol- 
man baa a section for which be is responsible, and a number of 
sections are united in a division under the general supervision 
of a maintenance foreman, who is in immediate charge of all main- 
tenance work and reports to the division engineer. Each patrol- 
man must supply a horse and dump cart, shovel, pick, hoe, 
rake, stone-hook, axe, iron bar, iron chain and tamp. Special 
tools are furnished by the State highway department. The meth- 
ods of maintainance are indicated in the following quotations 
from the instructions issued to the patrolmen: 



drag 2 or 3 milee and not finish any part of it. Don't drag a soft seetioa 
when it ie bd vet that the first vehicle to paas will rut it all up. First 
fill the holes and ruts with new material and then dras as the surface dries 
out. Every patrolman should have matnrial dumped in uaaU piles along 
the aide of nis section so that on a rainy day he can at once fill all holes 
and ruts in which water is colteoting. 

When the weather is unsuitable for dragfp^, u during a dry spell, all 
patrolmen should cart on all the new material possible in order to fill all 
ruts and holes and resurface wom-eectione. Carting is very eseential 
during dry periods and should never be neglected. Whenever a patrolman 
is in doubt as to what to do next the general rule is to cart new material, 
for all roads are wearing out under travel and it is necessary that the 
surface be continually renewed to take the place of the old material that 
is thrown out as mud or blown away as dust. 

Save all the sods, leaves, rubbish, stones and refuse that you clean off 
your road and dump thia waste material in places where the bank is steep 
so that by flattening the aide slope there will be no need of a cuard-rail, 
or dump the material back of a present guard-rail so that lal«r this guard- 
rail can be removed. 

Oiling gravel roads generally requires careful preparation of 
the sun^ce because the large amount of clay binder has a ten- 
dency to interfere with the formation of a satisfactory oiled 
surface. Consequently the surface should be thoroughly cleaned 
and a comparatively light oil used. The first applications are 
likely to be disappointing, but if holes and ruts are filled promptly, 
two or three applications on carefully cleaned surfaces during 
the first year will eventually give a good wearing surface, pro- 
vided the roadbed and gravel have been thoroughly consolidated 
and the traffic is not too heavy for this type of road. It is the 
general opinion at present that surface applications should not 
be made until a gravel road baa had at least one year's service. 
The methods of doing the work are given in a later chapter. 
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Wat^vbound macadam roads are adapted to highwayB carry- 
ing moderate traffic, for experience shows that uren when a large 
part of the traffic is motor-driven this type of construction can 
be maintained succesafully by surface applications, as described 
in a later chapter. Where a gravel road is not quite able to carry 
the traffic, a macadam top course on a gravel base has been 
adopted as a standard type by the highway departments of a 
number of States. The following statements give the views 
regarding water-bound macadam held by three State highway 
departments having a laige mileage of it under their charge: 



TOTftblfl eonditions this is, in ooit, the otteapest durable rokd which eiui m 
built; And it is the belief of the department that on all roads of ordinary 
or light traffic thii type ia atill a aatiafactory one for general uoe. Of 
eoime this type must hare surface treatment with oil, and this ie planned 
for in all caaes. (Edwin Duffey, State commisaioner of highways, 1916.) 
Michigan; During the early existence of the department, macadam 
roada cmistituted as much as fiO per cent of the mileage conetruoted. As 
the use of tb« automobile became more widespread, the percentage of 
maeadam roads built each year decreased, owing to the excaeaive cost of 
■ii»inf*iniTig this tyiw Under the automobile traffic. Within the past two 
years, however, waterbou&d macadam roads have been again growing in 
favor, because it has been found posaible with a bituminoue surfaoe treat- 
ment to maintain them in a condition comparable in the point of serrioe 
to the higher types of roads. The first treatment, which is made after 
the road has been seasoned by opening it to traffic for three or four months, 
is essentially a part of the initial cost of construotion. (Frank F. Ragers, 
Btat« highway commissioner, 1916.) 

ITuconm'n: It is not at all an economical tvpe of surfacing unless in- 
tensely maintained with surface treatments and a patrol system, but when 
■o maintained jpves economical serrioe even on neavily traveled roads. 
(Wisconsin highway commission, 1916.) 

Stone 

The roadbuilding properties of different rocks are explained in 
the next chapter. The following notes on the selection (rf stone 
were prepared by Prevost Hubbard and Frank H. Jackson, Jr.' 
The ideal rock for the construction of a water-bound macadam 
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road Feaista the wear of traffic to which it is subjected to just 
that extent which will supply a sufficient amount of cementitious 
rock dust to bind or hold the larger fragments in place. It is 
generally admitted that the ordinary macadam road is not well 
suited to any considerable amount of automobile traffic, because 
'such traffic rapidly removes the binder without producing fresh 
material to take its place. 

Cementing value is a necessary quaUty for rocks used in mac- 
adam road construction. As determined by test, cementing 
values below 25 are called low; from 26 to 75, average, and above 
75, high. In general, the cementing value should run above 25. 
For rocks which show a low French coefficient of wear, however, 
a relatively high cementing value is more uecessary than for 
those which have a high French coefficient. Interpretation of 
results of the cementing value test is subject to a number of 
influencing considerations. For instance, it has been found that 
certain feldspathic varieties of sandstone give excellent results 
in this test, while experience has shown that they do not bind 
well when used in the wearing course of macadam roads. In 
the case also of certain varieties of the trap group, low results 
are frequently shown by laboratory tests for roclra which bind 
quite satisfactorily upon the road, provided traffic is sufficiently 
heavy to supply the requisite amount of fine material. Certain 
granites, gneisses, and schists which are not suitable for use as 
binding material give good results in this test. In such cases 
it is usually found that the highly altered nature of the material 
reduces its toughness and reastance to wear to such an extent 
as to condemn it for use. 

Experience has shown that in general the following table of 
limitii^ values for the I^ench coefficient of wear, toughness, and 
hardness may be used in determining t^e suitability of a rock 
for the construction of the wearing course of a macadam road: 
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6to 8 
eta 15 
16 or over 


5 to8 
2.7 to 6 
Under 2.7 


6to g 
ID to 18 
19 or over 


10 to 17 
14 or over 
17 or over 




Heavy 



With relation to the limitations for hardness it may be noted 
that when any given value for toughness falls within certain 
limits which define the suitability of the material for macadam 
road construction under given traffic conditions, the corre- 



,y Google 



66 AlCBBICAN HIGBnTAT ASeOCIATION 

spouding value for h&rdness will fall within similar limits for hard- 
ness. In this connection it will be seen in the table that a max- 
imum limit for hardness is only ^ven in the case of Ught tra£Bc. 
It has been found that the great majority of samples having a 
French coefficient of wear of from 5 to 8 and a hardness of over 
17 are granites, quartzites, and hard sandstones, which are unsuited 
for use in the wearing course of water-bound macadam roads 
due to their lack of binding power. 

The weight of a cubic yard of crushed stone varies consider- 
ably, depending upon the rock, the size to which it is broken 
and the amount of shaking the sample receives before its volume 
is measured. The range in weight of a cubic foot of solid rock 
is 162 to 221 pounds for trap, 165 to 200 pounds for schist, 156 
to 175 pounds for felsite, 156 to 103 pounds for quartzite, 125 
to 193 pounds for limestone, and 125 to 187 pounds for granite. 
The total rtmge from the lightest limestone to the heaviest trap 
is over 75 per cent and the crushed rock will show the same varia- 
tions. Consequently, when broken stone is bought by weight 
it should be actually weighed before estimating the quantity re- 
quired for good work. 

Crushed stone is the most important branch of the stone ia^' 
dustry. The production of this material for road building in 
the different states is given in a table on page 198 of this t^k. 
The requirements for rtulroad ballast and concrete as well as for 
road work are so lai^ that commercial broken stone is avail- 
able in many parts of the country at a lower price thvi the cost 
of quarrying and crushing local material. It is sometimes eco- 
nomical, even at a greats' initial cost, to import stone from a 
distance if thereby a more durable road may be had than is pos- 
sible with the use of local stone. 

Much of the stone is crushed locally, usually in portable plants. 
These comprise a crusher with an engine and boiler, revolving 
screens, portable bins and an elevator to lift the stone after it 
is crushed into the screen and sometimes into the bins. The 
capacity of a crusher should be adjusted to the road roller car- 
pacity. If the crusher furnishes more stone than the roller can 
consolidate, it is too \s,Tg,e to work economically. If the crusher 
can not supply enoi^h stone to keep the roller at work, the lat- 
ter will operate uneconomically. Furthermore the arrangements 
for supplying stone from the crusher to the road must be such 
that the expensive equipment at each end of the line will be 
kept operating all the time. There is some difference of opin- 
ion as to the proper capacity of a crusher, for in some sections 
of the country it is held that from 60 to 80 cubic yards of 
broken stone is as much as a single roller will consolidate properly, 
while in other sections it is held that a roller which does not con- 
solii^te 75 tons per day is not doing good s 
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Where the stone supply is limited to ledgea at infrequent inter- 
tkIb but little choice in the location of the crushing outfit ia pos- 
sible. If field stone or le<^es are available alongside the road 
at frequent intervals a crufiher can serve about two miles of 
road most economically. Local conditions, however, affect the 
proper aiTsngement of the plant bo greatly that no precise rules 
can be drawn up. It occasionally happens that the availability 
of water for the boiler is of more importance than any other 
factor in determining the location of the outfit. 

If posmble, the crusher should be set low enough so that a plat- 
form can be built at the level of the opening into which the stone 
is dumped. The carts are driven onto this platform and the ma- 
terial is handled most economically in this manner. The men who 
set up the plant should have had experience in this work. Much 
d^iends on the proper alignment of the several parts and the 
ddays in operation mil be avoided if the work is done properly 
in the first instance. 

The screens in such portable plants have three sections about 
4 feet long and 30 inches in diameter. The first section has per- 
forations which are ^inch in diameter. The perforations of the 
second section are generally 1} inches in diameter where com- 
parativ^y hard stone is used and 1} inches in diameter where 
softer stone is employed. With the very soft stone used in some 
of the Central States, the perforations are sometimes 2) inches, 
and the third section of the screen is omitted. The perforations 
in the third section are from 2 to 2} inches in diameter as a rul& 
depending upon the maximum size of the stone which is allow^ 
in the nwd, but this maximum size varies widely in different 
Btatee. In New York stone up to 3} inches in size is used in the 
bottom course and in Ohio pieces of sandstone as large as 6 inches 
in th^ longest dimensions are permitted in the bottom couree 
of some roads. Stone passing a 4-inch circular opening is also 
permitted under some conditions. In Wisconmn the bottom 
course is usually made of stone 2 to 3} inches in size; in this case 
the perforations in the screen are |, 2 and 3^ inches. 

The stones too lai^ to pass through the openings in the third 
section of the screen drop out and are run through the crusher 
again. There is sometimes a conveyor to carry these tailings 
from the end of the screen to the crusher. The jaws of the crusher 
should be set to give as few tailings as possible and the length 
of the screen sections should be adjusted to accomplish the same 
purpose. The operation of the screens should be observed from 
time to time in order to make sure that material which should 
pass the openings in each section does not flow along the screen 
•0 rapidly that there is a failure to separate it out by the right 
•eetion of the screen. If the screen revolves too rapidly fine 
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material nill be carried into the coarser grades. Stone purchaeed 
from commercial crusher plants is often observed to run small, 
tbe best separation occulting in the product which is obtained 
during a time of minimum demand. Thia is because more time 
is then ^ven to the stone in its passage throiigh the screens. 
It is impracticable to obtain a complete gradation of the sizes 
of stone and for this reason highway engineers often pennit vari- 
ations from the nominal maximum and minimum dimensions 
of any size. For instance the }-inch stone specified in New 
Jersey may contain up to 5 per cent of material la^^ than 1 } inch 
and up to 8 per cent sm^er than f inch, although the nom- 
inal range of size is from | to IJ inch. 

There is no uniformity in the designation of the adzee of crushed 
stone ^ what is termed as No. 1 stone in Ohio is entirely different 
from No. I stone in New York. 

Drainage 

The invesbnent in a macadam road is so great that every pre- 
caution should be taken to have the roadbed thoroughly drained. 
The methods of doing this were explained in the chapter on 
drainage. If they are not employed wherever necessary the road 
will inevitably become rutted and marked by holes during pro- 
longed wet weather, and the maintenance of such places will 
entail an annual expenditure far greater in the end than the coat 
of proper drainage work. 

Formerly Telford foundations were used in all wet, soggy 
ground under well-built broken stone roads but experience has 
shown that with good underdrainage equally satisfactory foun- 
dations can be bujlt of coarse gravel. This is dumped on the 
bottom of the road after the soft material has been excavated 
to a considerable depth. The mass of gravel should be drained 
into the side ditches by constructing blind drains through the 
shoulders at intervals of not over 60 feet. 

Where suitable field stone is available for a Telford foundation 
it is still sometimes used. The New York requirements for 
stone for this purpose are a thickness of not less than 1} inches, 
a depth equal to the depth required for t^e foundation, from 6 
to S inches, and a length not more than one and a half times 
the depth. The New Jersey specifications require stone 6 to 
10 inches long, 2 to 4 inches wide and at least 6 inches deep. 
Some engineers advise placing this stone on a bed of gravel, while 
others believe that if gravel is available it is best to make the 
entire base of it and not employ Telford, since the latter is quite 
expensive. The stone must be set on their broader base, length- 
wise across the road, and wedged by driving small stone into 
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the interstices. The projecting points should be broken off 
with a stone hammer, the depressions in the top filled with stone 
chips, and the foundation rolled. 

The V-shaped drain described on page 27 is a substitute for 
a Telford foundation which has received much favor in some 
states. 

Sub-Grade 

It ia neceasary to place the stone for s macadam road in a box 
or trench in order to roll it successfully. The method of exca- 
vating the sub^ade was described on page 60. The bot- 
tom must be sli^tly crowned. This ia for two reasons; first to 
abed any water which may sink through the macadam, and 
second, to keep the amount of atone required for the road to the 
minimum actually necessary. The sub^rade must be rolled 
until hard in order, first, that the stone placed on it can not be 
driven into it and thua aerve no useful purpose, and aecond, to 
turn toward the aides of the road, into the blind drains leading 
to the ditches, any water which may penetrate the coursea of 
stone. 

The depth of the box or trench ia fixed by the deaired 
depth of the macadam roadway. This is rarely lesa than 6 
inchea at the center and is sometimes considerably more, al- 
thoi^h there ia a question whether a greater thickness than 8 
inches after rolling serves any useful purpose. The harder and 
tougher the stone, the less need be the thickness of the road, 
provided the sub^wle is firm. Usually the aidea of the macadam 
roadway are 1 to 2 inches thinner than the center. 

Oq very sandy soils, to keep the sand from working up through 
the stone, a covering of clay, hay, straw, or fine brush is spr^d 
over the subgrade. 

Ptadnfi the Bri^cen Stone 

It is customary to b^^ placing the broken stone as soon as 
a few hundred feet cJ the suograde has been prepared to receiva 
it, because it ia undesirable to expose the rolled earth surface to 
the danger of drencliing by rains for a longer period than ia 



The first course is rarely if ever spread to a greater depth than 
6 inches when loose, because a roller cannot compact a deeper 
course of stone in a satisfactory manner. The thickness is sel- 
dom leas than 4 inches. The largest eize of the screened stone 
is uaed. In some atatea it ia forbidden to dump the stone di- 
rectly on the subgrade, on the ground that this leaves a mass of 
consolidated small stone in the center of the heap which rcanaitu 
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almost intact when the pile is leveled. Accordingly the stone 
must be deposited on dumping boards about 6 feet long and 3 
feet wide, from which it is Bhoveled to the subgrade. This ia no 
longer a generally adopted requirement, however, but it is not 
unusual to require a load to be deposited in several dumps 
BO that the least amount of shoveling and raJdng will be required. 
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between the j^ven rate and SI.OO. The coats per aquare mile for widths 
greater than 20 feet an found by adding together the coata for two of the 
tabulated widths which will give the desired width. 

The easiest method of distributing the stone is by using an auto- 
matic spreader wagon which deports it in a layer of approxi- 
mately the right thickness. The methods of determining the 
thickness are explained on page 61. 

When a hundred feet or so of the first course has been spread, 
the rolling should bqpo. A roUer weighing about 600 pounds 
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per inct of widtt of roll is usually recommended for rolling hard 
rock, but one of three-fourths this weight will probably do bet- 
ter work with soft limestone. The roller starts at the edges of 
the stone and care should be taken that the shoulders are not 
crushed during the tiips near the sides of the trench. The roller 
should not be run much faster than 100 feet per minute. After 
both sides are moderately firm, the roller should move gradually 
toward the center until the whole lower course is thoroughly 
compacted. The rolling should be stopped as soon as the 
pieces of stone begin to break. Sometimes it is found that 
a wavy motion continues and the stone will not compact. 
This may be due to a wet aubgrade, which will probably {pve 
no trouble if allowed to dry for a day or two, or it may be due 
to the use of a very hard stone, when the application of a little 
sand or fine gravel may rsmedy the difficulty. With some 
soft, coarse, gravel stones a crawling motion may be noticed, 
which can be prevented by a light sprinkling of coarse sand, 
stone screenings and sometimes by water. The rolling is con- 
tinued unto the stone has no movement when the men walk over 
it. If depressions develop during the rolling they must be 
filled with stone of the same size' as that used in the course 
and rolled until firm. 

Some engineers advise harrowing the loose stone with a spik&- 
tooth harrow in order to mix the stone thoroughly and to save 
a part of the rolling. This would be of advantage if full loads of 
stone were dumped directly on the sut^rade, for it would brea^ 
up the cores of smaU stone in the center of the piles. Other 
en^eers recommend using a blade grader to shape the loose 
atone just before rolling. 

It is not customary to apply a binder of gravel or screenings 
to the bottom course in some states and it is requu^ in others. 
It is apparently a detail depending considerably upon the hard- 
ness of the stone used. If the stone is relatively soft and the 
bottom course is constructed of a lai^e size of stone, a binder 
may prevent the internal disintegration of the stone under loads 
to some extent, but with the somewhat smaller, hard trap rock 
used in Massachusetts, for instance, screenings are unnecessary. 

After about a hundred feet of the bottom course has been 
rolled, the second course is spread. This consists of the size from 
I to 1^ or 1) inches, and the loose depth is 3 to 5 inches. Large 
loads ahould not be dumped directly on the bottom course. The 
top course is usually given its final shaping with rakes. This 
course is rolled commencing on each outer edge with the rear 
wheel half on the stone and half on the shoulders; the roller is 
gradually worked toward the center. If depressions are devel- 
oped during this work, they must be filled, and the rolling shoiUd 
continue until the surface is hard and uniform in contour. 
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The surface is theii covered with the binder. The material 
used for this puipose varies with the character of the stooe in 
the top course. Generally screemngs are employed, but in states 
where the top courae ia composed of rather large sizes of atone 
the screenings have small atone mixed with them. In Mary- 
land limestone screenings are not permitted with trap rock with- 
out the consent of the engineer. A. R. Hirst, State highway engi- 
neer of Wisconsin, adviaes usiiig a clayey pea gravel or disinte- 
grated granite with cruahed quartzite or granite, and if these 
are unavailable he prefers a bituminous binder. 

Screenings ar.e rarely if ever permitted to be dumped on the 
road. They ahould be placed in piles along the road at such 
intervals that they can be distributed readily and enough mate- 
rial will always be available. In Masaachuaetts it ia not cus- 
tomary to place the screenings to a greater depth than 1 inch. 
In Michigan the depth is about } inch and in Wisconsin about 
} inch on State roads. 

Although the acreemngs are sometimes rolled dry, after being 
spread, the usual practice ia to aprinkle the road with water 
before rolling. The road must be sprinkled until the screenings 
are thoroughly wet and do not stick to the wheels of the roller. 
Where hard, small stone is used in the top course more water 
is generally employed than where the stone is larger, and an 
attempt is made to fiuah the screenings into the interstices be? 
tween the stones. If the acreenings are picked up by the roll^ 
at any time, more water must be applied. The sprinkling and 
rolling are continued until water is carried along in front of the 
roller wheels at every point of the road. 

Rolling must be done carefully for the appearance of the road 
will depend upon thia work. 

After the road has dried sufficiently, the shoulders should 
. be amoothed off with a road machine, if one ia available. The 
shoulders should be trimmed so the water can Bow from the 
center of the road to the ditches along every foot of the way. 
All surplus material ahould be removed, and the shoulders should 
be rolled as far out as it is safe to run the roller. 

Ohitrin Binder 

For a number of years, glutrin has been used extensively as 
a binding material for both gravel and broken stone roads. It 
is an adhesive binding liquid whose base is the lignin derived 
from the sulphite pulp wood process. It is sold in a concentrated 
state and should be diluted with water before use. 

It should be understood that when the road material to be 
treated is other than stone, it ^ould contain at least 10 per cent 
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of day. When this ia lackiiig in the original road material, it 
should be evenly added as tile road material ia put in place. 
When used on gravel or sand-clay roads, glutrin should be di- 
luted with water in the proportion of one part glutrin to not 
less than three parts water. This mixture should be applied 
by means of any distributor which will spread it unifonnly. 
llie application should be continuous, so that the road is kept 
moist, but not so rapidly as to permit the forming of pools or 
the flowing off to the sides. Penetration must be secured, and 
consequently the distributor should make at least four trips 
over the road in applying the amount of glutrin called for in the 
specificatjons. This is usually about ) ^dlon of ^utrin to the 
square yard. 

When used in the construction of broken stone or slag roada, 
the glutrin should be applied during the process of puddling 
the top course. The pud<fie should be b^un as usual with plain 
water, but as soon as the screenings are thoroughly saturated, 
glutrin should be placed in the sprinkler in the proportion of one 
part glutrin to five parts water, and the puddling completed 
with this mixture. The specifications usually call for ^ gallon 
of glutrin to the square yard to be used in this process. A still 
stronger bond can be secured if, aftor the road has been pud- 
dled in this manner, it is allowed to dry out and a surface ap- 
plication is then made over the center SO per cent of the width 
of the road, of 0.2 gallon of glutrin, diluted in the proportion of 
one part glutrin to three parts water. As soon as the road is 
dry, it can be opened to ^affic. 

There have been many miles of glutrin-bound roads con- 
structed in Connecticut and New York, which have been g^ven 
a bituminous top course, or even an oil treatment, the piupose 
being to bind the mass of stones thoroughly together with glu- 
trin to prevent the mtemal disintegration of the gravel or stone 
by traffic and to protect the glutrin from surface water. 

Glutrin should not be used with a pure siliceous material like 
quu^z, unless at least 10 per cent of clay is added. With broken 
stone, the fine material produced in rolling, furnishes a substi- 
tute for the clay required with gravel. 

MaitUenanee 

Where there is very little automobile trafiBc the old-fashioned 
methods of maintenance are still applicable. If the road was 
built late in the fall, pariiicularly if trap rock was used, it is pos- 
sible that loose stone will appear on the surface in the spring. 
They should be removed and need cause no apprehension. Holes 
and ruts should be filled with small stone and screenings, prefer- 
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ably during a rain bo the traffic will b^in to bind the patch as 
soon as the weather dears. When the top course has been worn 
down so that the large stone of the bottom course show in places, 
the road should be repaired. If the top course is to be less than 
3 inches thick the stone can be spread on the road and treated 
like the top course of a new road. If the course is to be made 
of 3 inches or more of loose stone, it is generally best to loosen 
up the road by means of spikes placed in the wheels of the roller 
or by the use of a scarifier. 

This method of maintenance is practically obsolete on account 
of motor traffic. The shearing action of the wheels of an auto- 
mobile on a water-bound road speedily loosens the stones of the 
top course and it is necessary to protect the surface by a tenacious 
mat of bituminous material and stone. Experience shows that 
this should not be applied until the road has seasoned for a few 
months. If the road is finished late in the fall, so that no oppor- 
tunity will be afforded for it to season before winter closes down 
construction work, the surface can be bound with calcium chlo- 
ride to hold it until spring, when the bituminous mat can be 
applied. 

The ordinary method of muntaining the road is to clean it 
thoroughly and then apply a road oil uniformly over the surface. 
Some of these oils are so thin that they soak into the surface 
while others must be covered with sharp sand or screenings free 
from dust. The methods of doing the work are explained in 
the chapter on surface applications. 



,y Google 



ROAD BUILDING ROCKS 

Mineral CompoiUion} — ^Reports of geolopata and mineralo- 
gists on road-building rocks classify them according to their 
origin as igneous, sedimentary and metamorphic. 

^eoufi rocks are those which have solidified from a very hot 
liquid condition and their physical condition, technically termed 
"structure," depends largely on the rate of cooling of the fused 
material. The "intrusive" or "plutonic" type of igneous rocks 
cooled slowly at great depths below the earth's surface, and the 
minerals composing it are usually in large and well developed 
particles. This type includes granite, syenite, diorjte, ^abbro, 
and peridotite. The "extrusive" or "volcanic" types of igneous 
rocks cooled more rapidly upon the earth's surface and are finer 
grained. They frequently ,Bhow a so-called "porphyritic" 
structure on account of the presence of larger crystab in a fine- 
grained, dense mass fonnii^ the main mass of the rock. This 
type includes rhyolite, trachyte, andeaite, basalt and diabase. 

Sedimentary rocks are made up of fragments of minerals or 
shells that were moved about, mainly "hy water, and finally de- 
posited on the beds of lakes or seaa in more or less parallel layers. 
There they became cemented together by the pressure upon ^em 
and changes in the composition of a part of their constituents. 
This last change is of the same general nature as that occurring 
far more quickly tn the case of plaster or mortar. This class 
includes calcareous types of rock like limestone and dolomite, 
and siliceous types like shale, sandstone, and chert (flint). Both 
types are usually distinctly bedded or stratified. 

Metamorphic rocks were produced from the two' classes just 
mentioned by pressure and beat. The long-continued shearing 
and compressive forces sometimes produced a "foliated" or 
"schistose" character, with a parallel arrangement of the minerals 
composing them, or a "massive" or "nonfoliated" character. 
Gneiss, schist and amphibohte are foliated metamorphic rocks, 
and slate, quartzite, eclt^te and marble are nonfoliated met&- 
morphic rocks. 

> Abridsed from Bulletin 348, U. S. Department of Apioultura, "It«I«- 
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The orif^nal nunval compooenta of ^[Deoua rocks and the 
eoMDtial pait of Eoetamorphic acluBta are quarte, plagioclase, 
orthoclase, augite, hornblende, muscovite, biotite, rock glass, 
magnetite and garnet. These are called primary minerals. 
Rock glass, included among them, is a mineral of variable com- 
position found in certain volcanic rocka which cooled very rapidly. 
It is extremely brittle and when present in appreciable quantities 
has a tendency to lower the wearing properties of the rock. Ortb- 
oclase and plagioclsse are usually called "feldspar" by engineers 
and biotite and muscovite are called "mica." 

Quartz is the most widely distributed mineral known. It has 
a specific gravity of 2.66 and a hardness of 7 in Mohs' Bcale.^ 
When present in large quantities, especially when finely consoli- 
dated, as in finegrained, igneous and massive metamorphio 
rocks, the resulting matenal is extremely hard and offers great 
resistance to wear, 

Orthodaae and plagioclase are among the princip^ ingredients 
of igneous and metamorphic rocks and some sandstones, liieir 
specific gravity is 2.54 to 2.76 and their hardness 6 to 6.6, Many 
coarse-grained feldspathic rocks break down reachly under im- 
pact on account of the cleavage of these minerals. In fine- 
grained rocks the effect of this cleavage is lees marked, and some 
of them are extremely hard and tough. 

Augite and hombl^de are the chi^ iron-bearing or dark silicate 
constituents of basic i^ieous rocks, commonly called "trap 
rocks," and the crystalUne schists derived from tiiem. Tbem 
specific gravity is 2.93 to 3.71 and their hardness 5 to 6.6. Their 
crystalline shape is such that they interlock very compactly with 
otiier minerals, which is one of the reasons for the marked dura- 
bility of trap rocks. 

Biotite and muscovite occur chiefly in granite, gDeias and mica- 
ceous schist. Their specific gravity is 2.7 to 3.2 and their hard- 
ness is 2 to 3. The fiaky character of mica is well known and is 
largely responsible for the foliated character of many metamor- 
phic roclm and their resulting inferior wearing properties in roads. 

Magnetite has a specific gravity of 5.18 and a hardness of 6.6. 
Garnet has a specific gravity of 3.16 and a hardness of 7.5. They 
occur in only two road-btulding rocks, peridotite and eclogite, 
and in some cases materially increase the wearing properties of 
the rock. 

Secondary minerals are produced by the alteration of rooks, 
mainly by the chemical action of water and carbonic acid on 
primary rock constituents. The chief secondary minerals are 

' Mohs' scale of the relative hardness of minerals is as follows; 1, Talo; 
2, gypaum; 3, calcite; 4, fiuorite; S, apatite; 6, orthoolaee; 7, quarta; 8, 
topai; 0, oonmdum; 10, diamond. 
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excite, dolomite, kaolin, chlorite, epidote, limonite, aerpentine, 
talc, seolite and opal. 

Calcite has a specific ^avity of 2.6 and a hardness of 3. Dolo- 
mite has a specific gravity of 2.9 and a hardness of 3.5. Iliew 
two minerals arc the chief constituents of Umesttmes and dolo- 
mites, and cannot be distinguiahed microscopically. Tliey 
cleave freely and hence many calcareouB rocka break down readily 
when used in roads. 

Kaolin is derived to a large extent through the decompoflition 
of orthoclase. It sometimes occurs in small crystal flakes re- 
sembling white mica (muscovite), and sometimee as minute 
icrains of very indefinite composition. In the lattw fonn, called 
amorphous," kaolin has a great effect on the binding property 
of rock powders, for it becomes glue-like when wet, and when 
dry it binds together firmly the other mineral particles with 
which it is associated. 

Chlorite and epidote are derived from ai^te, hornblende, 
biotite and plagioctase and are most abundant in trap rocks and 
dark crystalline schists. Chlorite is a soft green mineral which 
occurs either in micarlike flakes or as very fine scales and fibers of 
indefinite composition. In the latter form it has cementing 
properties like those of amorphous kaolin. Epidote (specific 
gravity, 3.25-3.5; hardness, 6-7) occurs as yellowish green crystals 
which, when present in appreciable quantitira, apparently in- 
crease the wearing properties of rocks. 

The results of a study of several hundred road-building rocks 
indicate that the effects of their mineral composition on their 
value for highway purposes are probably as follows : 

Igneous and nonfoliated metamorphic rocks, owing to a pre- 

Snderance of bard silicate minerals combined with greater uni- 
'mity in structure, are more durable than other road-making 
materials, finer-grained varietaes offering greater resistance to 
abrasion than coarsegrained typee. 

The resistance to wear of igneous and metamorphic rocks, 
containing an abundance of quartz, hornblende, augite, epidote, 
and f;amet, is ^eater than that of similar rocka rich in mica, 
ehlonte, serpentme, and calcite. 

Foliated metamorphic rocks, owing to the parallel arrange- 
ment of their mineral constituents, are, as a rule, deficient in 
toughness and therefore not well adapted to road construction. 

Sedimentary rocks are usually deficient in wearing properties, 
except in the case of highly indurated sandstones, containing a 
moderate amount of siliceous clay, cement, and limestones or 
dolomites rich in quartz and having very Uttle clay. 

Rocks for road making break dawn under impact into &ag- 
ments, the shape and physical character of which are conditioned 
by miner^ composition and structure. 
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The effeat of weathering is generaUy to lover the resifitaoce to 
wear of road materials, owing to the developmoit of soft, in 
paft glue-like (colloidal) products of alteratiou. Where the 
secondary minerale are harder and more crystalline the wearing 
properties of the rocks are proportionately increased. 

The cementing value of road materials is conditioned chiefly by 
the glue-like (colloidal) products of rock decay and increases in a 
gen^Bl way proportionately with these products, reaching a 
maximum in rocka free from quartz. 

The slaking property of roue powders is dependent in the case 
of siliceous igneous and metamorphie rocks chiefly on the pbysicEil 
character of the primary mineral components, whereas in basic 
igneous rocks and sandstones it is caused to a large degree by 
^ue-like (colloidal) products of rock decomposition. 

Physical Properiiea.^ — The success or failure of a rock for road 
buildmg depends largely upon the extent to which it will resist 
the destructive influences of traffic. The three most important 
physical properties are hardness, toughness, and binding power 
Hardness is the resistance which the rook ofTers to the displace- 
ment of its surface particles by abrasion; toughness is the resist- 
ance which it offers to fracture under impact; and binding power 
is the ability which the dust from the rock possesses, or develop! 
by contact with water, of binding the large rock fragments to 
gether. In order to approximate as closely as possible in the 
laboratory the destructive effects produced by traffic, climatic 
agencies and faulty construction, certain physical t^ts have 
t^n developed. 

Hardness is determined by subjecting a cylindrical rock core 25 
mUlimetera in diameter, drilled from the specimen to be examined, 
to the abrasive action of quartz sand fed upon a revolving steel 
disk. The end of the specimen is worn away in inverse ratio to 
its hardness, and the amoimt of loss is expressed in tJhe form of a 
coefficient as follows : 

Coefficient of hardness -■ 20 - w/S, where w equals the loss in 
weight after 1,000 revolutions of the msk. 

Tou^ness iB determined by subjecting a cylindrical test speci- 
men 25 by 25 millimeters in size to the impact produced by the 
fall of a 2-kilogram hammer upon a steel plimger whose lower 
end is sphericaJ and rests upon the test piece. The energy of 
the blow delivered is increased by increasing the height of fall 
of the hammer 1 centimeter after each blow. The height of 
blow in centimeters at failing of the specimen is oalldd the tot^- 
nees. 

> Abatncted from Bulletin 370, U. S. Dep&rtment of Agriculture, "Re- 
nilta of Phfiic&l TeetB of Road Building Rook," by Provost Hubbard, 
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A teat ddvised by the French and Bometimee called the Deval 
test, for meaauring the combined action of abraaion and impact, 
ia as follows: Five kilogranui of freshly broken rock between 2 
and 2} inches in size ia tested in a special form of cylinder so 
mounted on a frame that the axis of rotation of the cylinder is 
inclined at an angle of 30° with the axis of the cylinder itself. 
The fragments of rock forming the charge are thus tiirown from 
end to end twice during each revolution, causing them to atrike 
and rub against each other and the aides of the cylinder. After 
10,000 revolutions the faulting material ia screened through a 
^iuch sieve and the weight of the material passing is used to 
calculate the percentage of wear. The French coefficient of 
wear is calculated from the per cent of wear as follows: 

French coefficient of wear - 40 -* percentage of wear 

To determine the binding power, or cementing value, as it'ia 
uaually called, 500 grams of the material to be tested ia crushed 
to pea size and ground with water in a ball mill imtil it has the 
consistency of a stiff dough. It ia then molded into cylindrical 
briquettea 25 by 25 milluneters in nie, whic^, after thoroi^ 
drymg, are tested to destruction in a special form of impact 
machine. A l-kilogram hammer falls through a constant height 
of 1 centimeter upon an intervening plunger, which in turn r^ts 
upon the teat piece. A graphic record of the number of blows 
required to destroy the specimen is obtained. The number of 
blows producing failure is called the cementing value of the 
material. 

The specific gravity, weight per cubic foot, and the water 
absorption in pounda per cubic foot are obtained on samples of 
rock which arc tested to determine their road-building qvuJities. 
The weight per cubic foot is calculated from the spe(^c gravity 
of the material obtained on a 10-gram sample by the uaaai dis- 

! placement method. The gain in weight oi this fragment after 
OUT days' continuous immersion in water is used to calculate 
the water absorption in pounds per cubic foot of the solid rock. 
ReauUa of Teats. — Because of the fact that the various rock 
families, when subjected to the tests outlined, give results which 
are more or less distinctive of a group or type, these results can 
best be discussed in many cases coUectively. There are 14 fam- 
iUes of rock which are more or less commonly used in macadam- 
road construction. The variations which have been found to 
exist in the three principal tests for each of these are shown in 
graphic form in the diagrams on pages 76-82. The values of 
the tests are arranged as absdsss, with the zero points to the 
left and the values numerically mcreaaing toward the right. 
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Hie ordiiiatefl or vertical lines represent the peroentagee of the 
total number of samples having values corresponding to the 
abscissie on which they are plotted. The figures in parentheses 
in the upper right-hand comer of each block represent tJie total 
number of determinations from which these percentages were 
calculated, 

Andeaite, Basalt, Diabase, Diorite, Gabbro, and KhyoUte 
comprise the well-known group of road-building rocks commonly 
known as "trap." The average toughness of Sn the traps, witn 
the exception of gabbro, which runs somewhat lower, is about IS. 
This is a considerably higher average than that shown by any 
of the other types or groups. The same relationship holds true 
in the abrasion test, the average French coefficient of wear run- 
ning from about 13 to 15. Comparatively sli^t variations in 
hardness are noted for any family or for the group as a whole, 
the average hardness for which is about 18. "Ine binding power 
of the traps varies through wide limits, depending largely on the 
degree of weathering they have undergone. The specific gravity 
of this group averages about 2.9, giving an average wei^t per 
cubic foot of 180 pounds. Individual samples are seldom less 
than 2.7 nor more than 3.2 specific gravity. Water absorption 
inay vary from a few hundredths of 1 per cent to over 7 per cent. 

Granite is cbaracteriied by low toughness and h^h hardness. 
The average value for the former is about 8, while that for the 
latter runs as 18.5. The abrasion test develops an average 
French coefficient of wear of about 11. Cementing values run 
low, the only exceptions being very highly weath^ed material 
which usually shows low toughness and reeistaiice to wear. The 
specific gravity averages 2.7. The weight per cubic foot aver- 
ages 168 pounds. Water absorption has been found to run from 
about 0.04 to 3 per cent. 

The hmestones and dolomites, or mf^esium limestones, are 
undoubtedly the most widely used road-buiiding rock. The 
average French coefficient of wear is about 8, toughness 7, and 
hardness 15. The cementing values are usually good, about 76 
per cent of all samples tested running over 25. The specific grav- 
ity of the limestones and dolomites averages close to 2.7. In 
reral, the weight per cubic foot will average about 168 pounds 
the limestones and 170 pounds for the dolomite. Absorption 
may vary from a few hundredths of 1 per cent to over 13 per 
cent. 

The euidstones are chaiacterized by wide variations in the 
results of all tests. The average French coefficient of wear is 
about 12, average toughness about 10, and average hardnen 
about 16. The cementing value of sandstones varies widely, 
depending upon their composition. Their specific gravity aver- 
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aces 2.62. The weight per cubic foot averagea 1&4 pounds. 
M)SorptioD naa from a few hundredths of 1 per ceut to about 2 
per cent. 

The average toughness of marble is about 5 and the average 
hardness is less than 14. , Marbles usually show good cementing 
value tests, with about the same range aa the limestones and 
dolomitee. The speci&c gravity ordin^y faUe between 2.7 and 
2.9 and the ^ght per cubic foot averages 173 pounds, which is 
somewhat higher than the average for either limestone or dolo- 
mite. The mftTitniim absorption is under 2.5 per cent. 

Quartzites show an average toughness of 15. The qu&rtzites 
invariably show a low cementing value. Their specific gravity 
usually lies between 2.6 and 2.8 and their average weight per cubio 
foot is about 167 pounds. Their water absorption runs from a 
few hundredths of 1 p^ cent to nearly 3 per cent. 

Gneiss and schist show similar physical properties. The 
average French coefficient of wear for ^e gneiss samples is about 
9. Their average hardness, toi^tmess, specific gravity, w«^t ' 
per cubic foot, and absorption toe approximately the same as for 
granite. 

The schists show an average French coefficient of wear of about 
12. Their average hardness is about 17.6 and their toughness 
averages 11. The toughness test for both gneiss and schist is 
made perpendicular to the plane of foliation. If taken hori- 
Kmtal to the plane of foliation much tower results would be ob- 
tained, as failure would then occur along these natunil lines of 
cleavf^. The specific gravity of schists usually lies between 
2.65 and 2.90 and the average weight per cubic foot is about 181 
pounds. Water absorption is seldom over 2 per cent for this 
family. 

With the exception of the highly altered varieties, both gneisses 
and schists show a rather low cementing value. 

Chert is a very hard material, but frequently shows a low re- 
sistance to wear, owing to its tendency to fracture along lines 
which have developed as shrinkage cracks in the rock structure. 
For this reason it is extremely difficult to test for toughness. The 
cementing value of pure chert is usually low, but some highly 
weathered deposits develop in service good cementing value, 
especially if a high-bindii^ clay is associated with it. The 
French coefficient of wear has usually been found to average 5, 
toughness 16, and the hardness coefficient between 19 and 20. 
Specific gravity usually lies between 2.4 and 2.65 and the aver- 
age weight per cubic foot is about 160 pounds. Water absorp- 
tion may run from a few tenths of 1 per cent to over 8 per cent. 

Shales and slates are highly laminated rocks that tend to break 
into flat plates not suitable for road-buildii^; purposes. Tbsjr 
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are Beldom used in road construction, ^cept perhaps as a filling 
for Hub-foundations. They vaiy greatly m ne&rly all of their 
physieal properties. 

Many varieties of slag resemble in certain outward respeots 
the common road-buil^ng rocks. However, in general, they 
are more porous and glaeey, and va^ so greatly in physiaU 
properties that vith rderence to their pbymcal characteristios 
from the standpoint of road construction they cannot well be 
considered as a single class with definite limits or general average 
numerical values. 
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Although concrete pavements were laid at BellefoDtaioe, Ohio, 
in 1893 and 1894, the tvpe did not attract general attention until 
fifteen yeare later. During 1913, over 10,000,000 aquare yards 
were laid, eight times as much as in 1911. This rapid develop- 
ment was accompanied by marked differencea in methods of con- 
struction, which aroused some apprehension that poor resulte 
from inferior methods would retard the logical adoption of the 
type in places for which it was suited. Accordingly road and 
street e^neers and contractors from all parts of the country 
met in l^bruary, 1914, for a three-day discuseion of concrete 
road building. The report of this conference exercised a standard- 
izing influence on methods of construction, as had the somewhat 
earlier adoption by the American Concrete Institute of stand- 
ard specifications for concrete roads and pavements. Some of 
the methods of construction presented features which required 
detailed investigation, and committees were appointed for such 
work. In February, 1916, a second national conference was 
held, at which the reports of these committees were received 
and discussed. This chapter summarises the information pre- 
sented at that conference. 

Foundation and Svhgrade 

The following opinions regarding foundations and sut^ade 
were adopted by the 1916 conference: 

When ToadvaTS are oonstructed ovar fills, extreme nam should be ob- 
aerved to insure the use of proper materiolB in layers of such thiokneu 
that thev may be thoroughly compacted so th&t when the fill ia completed 
there will be a minimum of aettlement. Id general, fills shall be made in 
thin layers, the depth depending on the character of material to be used 
in makina the fill. The nil should be allowed to stand for as long a time 
M poasiblB, giving it an opportunity to settle thoroughly before the pave- 
ment is placed thereon. Deep fills should be allowed to settle through 
one winter wherever such procedure ia possible. Puddling will be found 
advasta^ous in compacting deep fills. Wettir^ and rolling shall be per- 
formed when making a fill in order to secure thorough oompactnese. FillB 
should never be made with froien materials nor with lumps greater than 6 
inches in their greatest dimension. 

The fundamental requirement of the subgrade is that it should be of 
uniform density so that it will not settle unevenly and cause oraoks in the 
surfaoa of the pavement. No part of the work is more worthy of iatelli- 
90 
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gent care and ptuTistaking tabor than the prep&rfttion of the subgrade. The 
alight additional cost aeceeeaiy to imnire good results is abundantlv jue- 
tifikble. When the pavement is constructed on virgin soil, care snould 
be talcen to remove all soft spots so as to insure a uniform density; utd if 
constructed on ftn old roftdbed, even ^ater care must be taken to secure 
uniform density, as the subgrade is likely to be more compact in the cen- 
ter than at the sides. An old roadbed should be scarified, reshaped and 
rolled. The aubgrade adjacent to curbs should be hand-tamped. 

The importaDce of a uniformly finn support for the concrete 
slab was not fully appreciated by all roadbuilders. There was aa 
opinion among some that the concrete would act as a beam and 
distribute the loads coming on it over such a wide area that inequali- 
ties in the sustaining power of the earth would prove unimportant. 
The number of cracks in concrete pavements attributable to un- 
warranted conGdence in this beam action is beyond proof, but 
today the opinion is generally held that the money spent in se- 
curing a firm foundation is a wise outlay to insure low mainte- 
nance charges. This is particularly the case where an old road 
is used for a foundation. It is unlikely that a concrete pavement 
will be laid on it until the old road needs repairs. If the sur- 
face is then merely leveled by a thin course of stone or gravel, it 
is possible that there will be weak places, particularly along the 
ades of the road. 

Drainage 

The 1916 conference adopted the following statement of the 
principles which should govern the drainage of the roadbed sup- 
porting a concrete slab: 

The draina^ of the roadbed is of vital importance. If the subgrade 
is not well drained there is danger of unequat settlement and of froet action, 
which will cause cracks. The method ot drainage to be used will depend 
on local conditions. For streets, as well as roads, tile drains may be used 
which should be laid on each side of the roadway, or on one side only, 
with cross^drains leadmg thereto at a suitable depth, depending on the 
width of the pavement. Drainage trenches, if placed under the subgrade, 
should be completed before final rolling. 

There is an objection to the use of cross-drains under thin 
concrete roads which is not serious in most cases but may be 
under some conditions. It is practically impossible to compact 
the material over a blind drain as thoroughly as that of the main 
portion of the subgrade, and each blind drain is likely to be a weak 
place in the foundation. An alternative for them which some 
engineers have advised is the construction of a blind drain just 
outside each edge of the concrete slab and extending 8. or 10 
inches below the subgrade. These drains are connected every 
60 feet with the «de ditches by blind drains. Alt drains under 
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the roadway should bave a coTering of sand or fine gravd on 
top to prevent the mortar in the wet concrete from passing into 
the broken stone or gravel of the drain. 

Cro3»-*ection of Roads 

The following statements were adopted by the 1616 conference 
regarding the sectjoa of the concrete pavement: 



ersl, pavementa should be thicker at the center than at the aides, 
with an inverted crown, and narrow one-elope ro&da, should have a uni- 
form thickneas. Wherever the thickneM can be inoreaaed without exoess- 
Ire ooBt, to secure a flat subgrade, or one nearly flat, such increase is 
advisable. 

The desirable width for single-track roads is 10 feet. The desirable 
width of double-track roads is 18 feet. The total width of the roadway 
should not be less than 20 feet for single-traok roads and not less than 26 
feet for double-track roads. 

The crown of roads and pavements should be not less than one oae- 
hundiedth nor more than one-fiftieth of the total width. Except in un- 
usual cases, one one-hundredth will be sufficient for country roads and one- 
fiftteth will be considered satisfactory for alley pavenente. For city 
streets an average crown of one-eeventy-fifth will generally be found 
miffioient and should not be reduced, except on grades. 

Single-track concrete roada are occasionally built on the right- 
hand side of the roadway going in the direction of the heavy 
traffic. This gives the loaded wagons the better surface. The 
templet uaed in determining the section of the road is the same 
as for a double-track road but only one-half the road is concreted. 
In Huron and Medina Counties, single-track roads have been 
built as one-elope roads instead of half the section of double-track 
roads, and this construction is preferred by some engineers. 

In Wayne County, Michigan, it has been decided to make 
concrete roads 18 feet wide wherever possible, and never leas 
than 16 feet. Near Detroit the width will be 20 feet. While 
this increase in width from 10, 12, 15, and 16 feet will add 
materially to the first cost, it is expected to prove economical 
in the long run, because the expense of maintaining heavy broken 
stone or gravel shoulders will be avoided. This maintenance is a 
lat^e sum on comparatively narrow roads with heavy traffic. 

There is a decided difference of opinion regarding shoulders 
for concrete roads. Some engineers hold that the natural soil 
should be used, and where satisfactory shoulders cannot be 
made of it the width of the concrete should be increased. Other 
enpneeis recommend gravel or broken stone shoulders after 
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experience with them. The difFerence of opinion ia probably 
due to differences in the quality of the earth which must bs 
used for earth shoulders and to differences in the character of the 
traffic, upon which the opinions are based. There is no question, 
however, that if traffic makes frequent use of shoulders of clay 
or clayey loam, they are speedily ruined, and if heavy traffic makes 
frequent use of macadam shoulders, the junction between the 
concrete and broken Btone becomes a long rut. In either case the 
proper maintenance of the Bhoulders will be expensive. If two 
macadam or gravel shoulders wider than 4 feet are considered 
necessary, it is advisable in every case to consider the alternative 
of an increased width of concrete. The construction of gravd 
and macadam shoulders should be postponed, if practicable, until 
a month after the concrete road has been finished, and they should 
be left slightly higher than the concrete to facilitate turning 
out on them, 

In cuts, where the grades are over 5 per cent, it is usually neces- 
sary to pave the ditches and to use gravel or macadam shoulders. 
The maintenance of these ditches and shoulders is expensive, 
and it is possible that money will be saved in the end, even on 
single-track roads, by increasing the width of the concrete and 
adding a concrete ditch and curb at each dde. The ordinary 
construction will call for a 10-foot concrete road, 8 feet of shoul- 
ders and S feet of ditches, a total of 26 feet width of cut at the 
bottom of the excavation. For this can be substituted a concrete 
roadway 16 feet wide with two intend curbs bringing the total 
width to 17 feet 8 inches. The curb acts as an abutment for the 
toe of the slope. 

On fills over 5 or 6 feet high, where turning out on a soft shoulder 
may cause a serious accident, it is desirable to widen a single- 
track pavement to 16 feet unless the top of the fill is so wide that 
wi ovCTtumed car will not roll down the slope. In any such case, 
the safety of the public requires a more careful study of the 
dangers on embankments than was given to the subject before 
automobiles became numerous. Attention is called to the 
record of deaths and injuries on page 25. 

Maieriala 

Cement Js bought for most road work under the standard 
specifications of the American Society for Testing Materials, 
which were revised in 1916. They are printed in the next chapter. 

The foUowii^ statements regarding fine and coarse aggregate 
were adopted by the 1916 cortference: 
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esBential to success. For this reason Bunples of the materials proposed 
tor use should be submitted to the engineer for approval before orders 
are placed. These samples should be carefully inspected; and if possible 
laborator; tests made to determine their suitability. If laboratory tests 
on shipments cannot be made, field tests can be used to furnish a general 
indication of quality. 

The different {wgregaCes should be kept clean and separate. 

AgKregates to be used in the wearing course of two-course pavementa 
sbouTa never be placed on the subgrade out on planks or some other means 
provided to keep them free from dirt. When aggregates are placed di- 
rectly on the subgrade care should be used bv the shovelera to avoid get- 
ting clay or earth shoveled from the subgrade into the mix. AsgregatAS 
should not only be clean when they ore delivered on the job, but clean 
when placed in the mixer. 

Investigations to determine the usefulness of the rattler test 
to show the value of different concrete mixturea for road work 
indicate that it may prove of value. For the present, however, 
the older practice of relying on tests of the stone is being followed 
wherever any testing is done. Generally the best clean, hard and 
tough crushed rock or gravel is used, provided it will give a con- 
crete harder than the mortar used with it. It is desirable to 
use Btone havii^ a fVench coefficient of wear of at least 8. 

Experience indicates that cracks occur more often in gravel 
concrete than in stone concrete. Probably this is largely due 
to the very fine material on the surface of most gravel pebbles, 
which must be washed off carefully to make the material fit for 
road work. 

Fine aggr^;ate, or "sand," is generally required to pass a J- 
inch screen. Not more than 25 per cent must pass a SO^nesh 
sieve and not more than 5 per cent a 100-mesh ueve. It must 
contain no vegetable or other deleterious matterand not over 3 
per cent by weight of clay or loam. The sand should be tested 
frequently in the field by shaking a sample with water in a grad- 
ttated glass and allowing it to settle for an hour. If there 
is more than about 5 per cent of very fine material showing on the 
top of the sand, samples should be sent to the laboratory. Nat- 
ural sand or screenings from hard, tough, durable rock may 
be used. Natural sand sometimes contains vegetable acids 
which reduce its value for good concrete. Their presence is 
determined by making similar briquettes of the natural sand 
and of standard Ottawa sand, and no natural sand should be used 
in road work which does not give a strei^h at least equal to 
that obtained with Ottawa sand. The best sand is that in which 
the coarse particles predominate. Improvements can sometimes 
be made by mixing two natural sands or a fine sand and screenings. 

The stMidard specifications for coarse aggregate, or "stone" 
call for material passing a 2-inch round opening, with not more 
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(ban 5 p«r cent paasng a screen having four meshes per inch 
and without any i^nnediate sizes removed. 

The water used m making the concrete must be free from oil, 
acid, alkali or vegetable matter. 

ProporiioM 

The 1016 conference adopted the following statements of the 
principles goveming the proportions of the materials: 

The method of measurmg matoriala for the concrete, including water, 
should be on« which will injure accurftta proportions of each of the in- 
gredients at all timea. It ia recommended that a aaok of Portland ce- 
ment, containing 94 pounds net, be considered the equivalent to 1 cubio 
foot. 

The proportions should not exceed fi parta of fine and ooarae aggiegato 
measured separately to 1 part of Portland oement, and the fine aggregata 
should not exceed 40 per cent <rf the mixture of fine and coarse aggregates. 

The standfud specifications for one-course country roads call 
for one sack of cement to not more than 2 cubic feet of fine a^g^e- 
gate and not more than 3 cubic feet of coarse aggregate, with 
the volume of fine aggr^ate never less than half that of the 
coarse aggregate. A cubic y&rd of the mixed concrete must 
contain at least 1.7 barrels of cement. The amount of water 
used must be enough to produce concrete holding its shape 
when struck with a template. Concrete which has partly hard- 
ened must never be used. 

The standard specifications for two-course pavements call 
for a base mixed in the proportions of 1 sack~ of cement to not 
more than 2^ cubic feet of fine aggr^ate and not more than 4 
cubic feet of coarse aggregate, with at least half as much fine as 
coarse aggregate. Two grades of top aggregate are specified 
for the top course; No. 1 must pass a $-inch screen and have not 
over 10 per cent passing a i-inch screen, and No. 2 must pass a 
1-inch screen and have not over 5 per cent passing a j-i^ch 
screen. Two mixtures are Bpe<nfied for the top course. Mix- 
ture 1 consists of one sack of cement to ziot more than 1 cubio 
foot of fine aggregate and not more than l^ubic feet of No. 
1 top a^g^^ate. Mixture 2 consists of one sack of cement 
to not more than 1^ cubic feet of fine aggregate and not more 
than 2) cubic feet of No. 2 top aggregate. The volume of fine 
aggregate must equal half the volume of tc^ aggr^ate in either 
mixture. 

The quantities of cement, sand and gravel required to build 
a mile of road of different widths and thicknesses are given in the 
accompanying tables, supplied by the Portland Cement Associa- 
tion. They are based on the assumption that a barrel of cement is 
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equivalent to 4 cubic feet and the voids in the stone are 45 per 
cent. Variations from the tabulated quantities may amount 
to 10 per cent either way. 

The proportions of cement, sand and stone should be such 
tliat the concrete will have the properties desired for a road. 
Where good etone is expensive but softer stone is cheaper, a two- 
course pavement utilizing the poor stone in the base and the hard 
stone in the top may prove more economical than a thinner one- 



{Fttrnighedby Ihe Porlland Cement Aeiodalion) 



course pavement of the harder stone. In any case the amount 
of mortar used should be about 10 per cent in excess of the voids 
in the stone. There is so much variation in the grading of sand 
and stone that a 1:2:4 mixture in one place may be equal to a 
1:2:3 mixture in another. As the work progresses, the quality 
of the concrete must be watched carefully, and the proportions 
shifted so that the greatest density will be obtained. Attention 
to this feature of the work is considered very important by ex- 
perienced concrete road builders. 
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Mixing 

The principles that should govern mixmg were st&ted u fol- 
lows by the 1916 conference: 

The ingredients should be mixed in s batch mixer. ThemixinK should 
be continued for st least one minute after all the materi&la are in the mixer 
and before any of the concrete is disehafged. The speed of the mixer 
should not exceed 16 revolutions per minute; however, the time and not 
the number of revolutions should be the gage of proper miziag. 

The practice ia to mis concrete entirely too wet. The consistenojr 
should be such as not to require tamping, but not so wet as to cause the 
separation of the mortar from the aggregate in h&udliog and placing. IIm 
strength and wearing ciualities of the ooncrete are vitally lessened by an 
excess of water in mixmg. 

The reason for fixing one m'nute oa the minimum time for 
nuxing ia that tests have shown that water is not worked through 
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the masB as it should be in less than a minute. A smaller quan- 
tity of wat. r can be used with long-time mix i^ than with short- 
time mizii^ and the same de^ee of fluidity obtained. On ac- 
count of the desirability of keeping the amount of water as close 
as possible to I gallon per cubic yard of concrete, at least one 
minute m'xittg time is desirable. If a large quantity of water 
is used and the mixittg time is less than a minute, the product 
may appear uni orm to the eye when it actually is not well mixed. 
The reason for restricting the speed of the mixer to 16 revolu- 
tions per minute is that at a higher speed some of the material 
sticks to the drum and there is considerable splashing as the 
concrete is dischai^ed. At least 10 revolutions are necessary 
to mix the aggregate. 

Placing 

The principles governing placing were stated as follows by the 
1916 conference: 

If the subgrftde has been duturbed by teaminK or other oauMB, it should 
be brought to its former surface, and thoroughly moistened with wat«r. 
"Hie concrete should be deposited rapidly to the required dei>th and width. 
The section should be completed to a transverse joint, with the use of 
inteimediate forms or bulkheads, or a transverse joint may be placed at 
the point of stopping the work. In eaae the mixer breaks down the concrete 
should be mixed by hand to complete the section. Where reinforcement 
is used it should be embedded in the oonerete before the concrete has beKUn 
to harden; the concrete above the reinforcement should be placed within 
20 minutes after the placing of the concrete below. 

In two-course pavements the top should be placed within twenty min- 
utes aft«r the placing of the bottom. 

The standard specifications allow forty-five minutes as the 
maximum time between the laying of the bottom course and the 
placing of the top course. 

Practically all concrete roads are built with special paving 
mixers which discharge the concrete on the road where it is to 
be used by means of chutes or buckets hauled along a boom that 
can be swung from one side of the road to the other. The pitch 
of the chute should be steep enough to deliver concrete of a 
proper consistency readily. In the attempt to cover consider- 
able area, contractors sometimes set the chute at a flat angle 
and use too much water, in order to make the concrete Sow 
readily. Tests have shown that the least angle of the chute 
should be 20 degrees. If the chute is new or rusted, concrete 
with a proper amount of water will flow rather slowly down a 
20 degree slope until the metal surface has been smoothed by the 
wet mass. For this reason the chute may need a steeper slope 
at the outset than later. 
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The 1916 conference adopted the following statement of the 
[Hiiiciplee that should govern the use of forms to retain the con- 
crete at the sides of the roadway: 

Metal forma of sufficient atrength to withatiuid the neoeBsary hard 
uaage are preferred. Whes wooden forms are uaed they ahould be of at 
least 2-incE stock and capped with a 2-moh angle iron, so constructed that 
adjacent sectioua nan be lapped. Forms should have a width not less 
than the thickness of the pavement at the aides. Particular care should 
be exercised to see that the top edges of forms are clean so aa to avoid un- 
evenneaa in the fiuiahed pavement. If forms are wariwd or stalcea not 
properly placed, a poor alignment of the edge of the concrete slab will 
result. 

They must be set firmly and the topes must be true to grade, 
because they support the templets, bridges and other appliances 
used in finishing the surface. The steel aisles on wood forms 
are necessary to enable the finishing work to proceed in a satis- 
factory manner. By having the angles project 3 or 4 inches 
beyond the end of the wood at one end and set back the same 
distance at the other, the alignment of the forms will be facili- 
tated. Painting wood forms will prevent warping and add to 
their life. Where a power-driven striking and finishing machine 
is used, specially heavy forms securely hdd in place are needed. 

Joint« 

While transverse joints are omitted on some work, they are 
generally required because of the prevailing opinion that they 
reduce the cracking of the concrete. They are constructed by 
placing across the road a strip of prepared fill^ made for the 
piupose. This filler is usually held in place by a steel templet 
until the concrete is deposited against it. The templet is then 
removed and the concrete settles against the filler. The joints 
are of two types, with and without metal protection plates. The 
following statements r^arding them were adopted at the 1916 
conference: 

Tnuuverse Joints should be placed across the pavement perpendie- 
ular to the center line about 50 feet apart. There seems to be a tendency 
to lengthen the distance between joints. Joints should extend entirely 
througn the pavement, as well aa through the curb if integral curbs are 
uaed. Joints ahould be constructed perpendicularly to the surface of the 
pavement to avoid the possibility of one slab rising above the other. 

The tendency of present practice is toward the omission of metal 
protection plates for joints. It is possible that the value of metal pro- 
tection plates ia denendent somewhat on the character of the aggregate 
used, and it is considered that they are more esssntial in street pavements 
than in country highways. 
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The standard specifications call for J^iich traDsrerse joints 
at intervals of not more than 36 feet. The filler must project 
at least ^inch above the concrete during construction, and alter 
the completion of the pavement it is trimmed oS }-inch above 
the surface. The traffic flattens out the projecting material and ' 
hardens the top of the joints. Experience shows that it is very 
desirable to have the joints form a plane surface perpendicular 
to the surface of the road. 

Measurements of the expansion and contraction of concrete 
roadway slabs have been nmde by R. J. Wig, C S. Laubly and 
W. A. Mclntyre, from which they drew the following conclu- 
sions: Contraction and expansion are caused by both temper- 
ature changes and changes in moisture conditions, and under 
climatic conditions similar to those at Washington, D. C.,the 
effects from these two factors in concrete road surfaces are ap- 
proximately of the same m^nitude. In concrete roads, ex- 
pansion and contraction are sufficient to cause frequent trans- 
verse cracks unless joints are provided. The actual movement 
in any particular case depends upon the character of the concrete 
aifd of the subgrade. A sloppy concrete shows greater movement 
than a concrete mixed only moderately wet. 

OrgaTuaaiion ^ the Work 

In order for the work to proceed economically, it is necessary 
for the mixer to be kept running most of t^e time. This can 
only be accomplished if repair parts are kept on hand and mate- 
rials are supplied as needed. If the materials are delivered by 
rail it often pays to keep men at the sand and stone plants to see 
that the railroads furnish cars as needed and the ^pments are 
made on time. If the contractor operates his quarry he must 
see that precautions are taken to reduce delays due to break- 
downs or other causes to a minimum. The delivery of mate- 
rials along the road calls for careful planning of both plant and 
organisation. In any case, provision should be made against de- 
lays due to insufficient materials by storing supplies of cement, 
sand and stone on the work. The cement can be stored in a shed 
at the railroad siding or in tents with raised wood floors along the 
road. The sand can also be stored along the road. The stone is 
best stored at the railroad siding, because it is costly to rehandle 
and by doing the work at one place mechanical appliances can be 
used which will reduce the expense materially. The organisa- 
tion should be arranged to avoid all unnecessary handling of 
materials, not only because this involves a labor charge but also 
because transportation equipment is doing no useful work while 
being loaded or unloaded. Tractors with trailers, motor trucks 
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and industrial railways are generally used for baulii^, and by 
having competent repairmen to keep them in order and running 
them with two shifts so aa to use them about eighteen hours a 
day, very low unit costs are often obtained in comparison with 
the expense of hauling by horses or mules. 

The water supply must be planned to wet the sul^p-ade, sup- 
ply the mixer and keep the concrete wet for a number of days 
after it is laid. While it has been delivered along the road in 
tanks, it is usually pumped through a pipe, generaUy 2 inches in 
diameter. As the water which must be used sometimes con- 
tains sand which will score the cylinders or plungers of a high 
pressure pump so as to put it out of service, it is often lifted by a 
centrifugal pump in such cases into a storage tank where the sand 
has an opportunity to settle before the water is drawn by the 
high-pressure pump. If the tank has two chambers separated 
by a partition running nearly up to the water level, the separa- 
tion of the sand will be improved, for the stream water can be 
delivered into one chamber where most of the sedimentation 
will occur and be drawn from the other. There should be a relief 
valve in the pipe line near the pressure pump so as to prevent 
breaking the pipe if all the gates on it are closed. If no valve is 
used the pimip should be belt driven, so that in case the pressure 
rises t^e belt will slip. The friction head in a 2-inch pipe when 
dischai^ng 50 gallons per minute is about 85 feet per 1000 feet 
of its length, and when discha^ng 60 gallons per minute the fric- 
tion head is about IIS feet. Consequently the pump must have 
power to overcome a considerable pressure due to friction as well 
as that due to the highest elevation to which the water must 
be raised. 

The size of the pavii^ gang will depend upon the size of the 
mixer, which should depend in ttun upon the rate at which mate- 
rials can be delivered to it. There are two* sizes of mixers, one 
in which two sacks of cement are used in each batch of concrete 
and the other taking a three-sack batch. The smaller machine 
requires about two men handling cement, two shovelers and two 
wheelers for sand, three shovelers and three wheelers for stone, 
a helper at the mixer and a man to bundle the cement sacks. 
The lai^r machine requires about two men to handle cement, 
three shovelers and three helpers for sand, four shovelers and 
four wheelers for stone, a helper at the mixer and a man to bundle 
sacks. In addition the crew requires a foreman, a mixer oper- 
ator, a fireman, two men setting forms, a pump tender, three or 
four men spreading and floating the concrete, two finishers, and 
one or two attending to the curing of the coocreto. To keep 
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auch a gang working efficiently in the comparatively small area 
occupied by a concretii^ job it is necessary to have the mate- 
riaJs deposited so they can be handled expeditiously and without 
confusion. 

Finishing 

The principles which should govern the finishing of concrete 
were stated as follows by the conference: 

The surface of the concrete should be struck off by means of r templet 
moved with s, combined longitudinal and truuverae motion. The excess 
materiaJ accumulated in front of the templet should be uniformly distrib- 
uted over the surface of the pavement except near the tTansvene joint, 
where the excess material should be removed. 

The concrete adjoining the transverse joint should be dense and any 
deiHesBions in the surface should be filled with concrete of the same com- 
position as the bodr of the work. After being brought to the establiahed 
pade with a templet, the concrete should be finished, from a suitable 
Diic^, with a wood float to true surface. A metal float should not be 

fl objectionable 

For country roads the templet or strikeboard Is often made 
of two 2 by 10-inch planks 1 foot longer than the road is wide. 
The lower edge is cut to the desired crown of the road and shod 
with a strip of J by 4-inch steel fastened with countersunk screws. 
It has a handle.on each side at each end, so it can be moved along 
easily with a kind of sawing motion. This motion fills all de- 
pressions with concrete and has no tendency to drag out the 
urge stone. A slight excess o : concrete is always kept ahead 
of the strikeboard, and a workman often walks in front of the 
board to spread the concrete and tfike care of any excess that 
may accumulate in front of it. It is usually necessary to run the 
strikeboard over the surface three times; with very angular stone 
it may be necessary to go over it four times. 

Finishing is now regarded as very important. At Sioux City, 
Iowa, where the concrete streets are unusually free from cracl^, 
the success with this type of roads is attributed to the special care 
spent in the finishing. A wood fioat is preferred to a steel trowel 
for finishing because it is believed to nmke a more dense surface 
which is not slippery. The bridge from which the men work 
b a 2 X 12-inch plank, trussed to prevent defiection and supported 
by the side forms. No finishing should be done while there is 
free water on the surface. For fimshing at unprotected joints a 
float split lengthwise, so as to fit over the joint filler, is used. 

* Owing to the rapid development of belt Bnishing it is probable that finish- 
ing by woodfloata will not be considered essantial by many engineerB Rft«r 
this year. 
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Power finishing machines are now used to some extent as a 
substitute for hand finishing. They operate by rapidly increas- 
ing and decreasing the weight on the area of concrete on which 
they rest. These vibrations of load joggle the concrete, increas- 
ing its density and leaving a satisfactory finish when the con- 
crete has a suitable consistency and the work is conducted 
carefully. 

During 1915 and 1916, an increasing use has been made of 
belt finishing. The work is done with canvas belts from 12 to 
24 inches wide. In Wayne County, Michigan, where the method 
has been used for the longest time, a 12-inch belt about 1 foot 
longer than the width of the road, is preferred. It has a handle 
at each end and is pulled gently back and forth across the surface 
after the latter has been shaped by the strikeboard. After the 
surface is finished in this way, it is gone over a second time with 
another belt, and sometimes a third time with a third belt. The 
belts are washed at the close of each day. 

When belts are used for finishing it is desirable to shape the 
concrete with a strikeboard having a face about 8 inches wide and 
long handles like those of a plow at each end. With such a strike- 
board the men can tamp as well as shape the concrete, and thus 
leave the surface in better condition for the belt than is the case 
with a thin strikeboard. 

Curing 

The protection and curing of the concrete must be carried on 
carefully because the best concrete may be seriously damped 
by too rapid drying out of the surface in hot or windy weather, 
by exposure to low temperature or by being opened to traffic too 
soon. The principles which should govern the work were stated 
as follows by the 1916 conference: 

Even the best concrete mny be aeriouslv damaged by toe rapid drying 
out, early expaauie to low temperature, or ay being opened to tnffio at too 
earlr a period. Hot sun and dicing winds are most liable to dry out the 
concrete too rapidly, thus causing shrinkage cracks or causing a surface 
whioh will not wear well under traffic. The use of a canvas aoveringwill 
be found effective in overcoming this condition. 

Sprinkling should also be employed as soon as the concrete is hard enough 
to prevent tne eurface being pitted. An earth ooverins or protection by 
ponding should be employed aCtar the first day. Under most favorable 
conditions such protection should be given the luvement for at least two 
waeke. Water snould be added during this period to keep the concrete 

In cool weather it is often advisable to omit the earth covering, thus 
allowing the concrete to harden more rapidlv. Sprinkling should not be 
omitted during the day in case the surface ebows a tendency to dry out. 
Wben there is danger of frost, sprinkling should bo omitted and a covering 
of oanvM or straw and eanvaa uaad. 
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it« from freeiing for at least ten davs. 
lover the freecing temperature of tha mixture should not 
it be deposited on a froaen subgrade. 

The canvas provided for protection during hot and windy 
weather, should be sufficient to cover at least half the surface 
laid during a day. Strips 2 yards wide are used and they are 
about a yard longer than the width of the pavement so tiiateacb 
end can be weighted. They are si^ported on frames bo as not 
to touch the concrete, and are kept in place until the concrete 
has hardened. 

The curing of concrete by ponding is not only more econcsn- 
ical in many cases than the use of wet earth but it has a greater 
advantage in permitting the inspector to determine at a glance 
if the curing is proceeding properly. It is difficult to make cer^ 
tain that an earth covering is kept properly wet, but there can 
be no question whether water is standing on the concrete. Banks 
of earth are constructed along each edge of the pavement and 
trEinsveree banks at each expansion joint and more frequently 
where the grades make them necessary. The water is kept at 
least 2 inches deep over the center of the road. 

If there is danger of a heavy storm which will pit the surface 
of fresh concrete it must be protected by canvas. Contractors 
are advised to request the nearest forecasting station of the United 
States Weather Bureau to send its daily bulletin of the prob- 
able weather conditions during the next thirty-«ix hours. 

The standard specifications require botb water and aggre- 
gates to be heated if the temperature drops to 35 degrees or is 
likely to do so within twenty-four hours, and the concrete laid 
under these conditions must be specially protected from freezing 
for at least ten days. A canvas cover will be sufficient to pro- 
tect the concrete against frost during the first night and after 
that about 3 inches of straw or marsh hay held down securely 
will probably serve. If a sharp lowering of the temperature is 
anticipated the straw should be covered with canvas. It is 
cheaper to take all necessary precautions than to tear out and 
replace dam^;ed concrete. Even a light freezing of the top 
will make the surface scale. 

Maintmanee 

The following explanation of methods of maintenanea wm 
prepared by A. H. Hinkle, L. C. Herrick, John W. MuelUr and 
Maurica Hoeffksn for ths IBIS confarenoa: 
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Jointa and cncks oan be suooessfully treated by thoroughly aleajiing 
them &nd filling when dry, and preferably during warm weather, with hot 
tor, then coTermg with dry sand or screenings. The tor should be per- 
mitted to lap over the spalied edges of the crack, but not to exceed I inch. 
The most desirable covering is cleoa, coarse sand or cleans creenings of stone, 
slag or gravel, that will pass a i-mch circular opening, and b« retained 
onaA~>uch mesh sereen. The tar should be poured when hot enough to 
run readily into the crevices of the pavement (about 200° to 250* F.). 
It is believed that no lar^ excess of the tor should be used as the frequent 
use of such on eioess might eventually build up an elevation on the sur- 
face which would be objectionable to traffic. The covering of sereenings 
or sand should be put on immediatelv after pouring the tor so that whue 
in the liquid state it will unite witn the screenings or sand in sufficient 
degree to prevent the tor from sticking to wheels of vehiales or melting 
during hot periods and running from the crooks. 

The use of a mastic consisting of a mixture of hot tar and sand, in plaoe 
of pure tar, for filling the cracks and j^oints, gives promise of excellent 
results; but perhaps it is too soon to give definite specifications for this 
mixture. The filling of the lai^er andf more open cracks or joints with 
the mastic, and the use of the pure tar for fillmg the minor openinp is 
the pavement and such as are made neoessary by settlement after the 
joints have been originally filled with the mastic, may be found to be moot 
satisfactory. 

A pouring con with a round or vertical spout is very satisfactory for 
pouring tar in filling cracks and joints. Inasmuch as it is desired that 
the tar shall lap over the edges of the orook or joint, the use of a oonioal 
pouring can would be of doubtful economy. 

ftnall holes and shallow deprassions can be sucaessfully treated as fol- 
lows: Clean surface thorou^ly. Where the surface is disintegrated it 
should first be thorou([hly swept with a steel broom in order to remove 
ail loose spalls or foreign matter; afterword, the dust must be removed 
by sweeping with o rattan or house broom. The hot tor is then applied 
to the dry concrete and rubbed well with a squeeze or stiff broom to se- 
cure a good bond to the surface of the concrete. The tai is then covered 
with coarse sand or screenings (} to A inch} of stone, slog or gravel. The ' 
amount of tar used will vary from ) to I gallon per square yard, depending 
upon the depth of the dej^ression to be filled. When more than \ gallon 
per square yard is used, it should be applied in two coats and the exoeas 
screenings swept off before the second coat is applied. The more tar 



that is applied to the surface, the more desirable it is to have the coarser 

"laterial for a covering. In filling small holes f" " i- ■■-- -»^i--.-- 

u two layers would, ol course be unnecessary. 



above: Thorou^y clean and point the surface with tar. Pill the hole 
or depression with broken stone, preferably of such sise that they will 
not exceed in diameter one-half the depth of the depression to be filled 
nor exceed in sise stone suitable for an ordinorv tor macodom. The stone 
should be levelled off and compacted as well as may be by tamping 
or rolling so as to conform to the true surface of the rood. The voids ore 
then filled with the hot tar ond screenings applied to the surface, which 
is again compacted and treated as in building a tar maeodom. 

The use oi a cold mix consisting of cleon, hard stone chips coated with 
o coal tar cutback, for filling such holes and depressions, as described 
under the above paragraph, tus been followed to some extent with very 
promising results. The stone chips are first thoroughly coated with the 
cold tor preparation by turning with shovels after the tar has been 
spraysd upon them, as in mixing ordinory cement concrete. The mixture is 
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then permitted to stand a few days until the lifhter oils T&porise from the 
tar, which leaves the atone coated with the heavy tar. The coated chips 
are then well tamped into the hole or depression to be filled, the shallower 
depresaions being first painted with the pure tar. Coarse sand or fine 
screenings are then spread over the surface. If the voids appear quite 
open after the coated chips have been thoroughly tamped, a light appli- 
cation of the tar is made to seal up the voids before the surface screenings 

Where the pavement is disintegrated badly or broken clear through so 
as to require rebuilding, it should be cut away with vertical edges. After 
the Bubgrade is levelled and compacted and the edges and eubgrade thor- 
oughljr dampened (but the foundation not made muddy), the part cut 
awa^ is replaced with new concrete conforming in quaCit;^ as nearly a> 
possible to the conorete of the surroundii^ pavement. It is well to coat 
the edges of the old concrete with cement grout. Care should be taken 
that the surface of the new concrete conforms to the surface of the adja- 
cent concrete. The new concrete should be kept well dampened for about 
seven days, and protected from traffic (ten days in warm weather and 
much longer in cold weather) until thoroughly hardened. IF the replao*- 
ment is over an excavation the concrete should be properly reinforeed. 
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STANDARD SPECIFICATIONS FOR PORT- 
LAND CEMENT* 

1. Portland cement is the product obtained by finely pul- 
voising clinker produced by calcining to incipient fusion, an 
intimate and properly proportioned mixture of argillaceous and 
calcareous materials, with no additions subsequent to calcination 
excepting water and calcined or uncalcined ^peum. 

2. Chemicdl Properties. — The following limits shall not be 
exceeded : 

LoM oa ignition, per cent 4.00 

Insoluble recidue, per cent O.Sfi 

Sulfuric anhydride (SOi), per cent 2.00 

Magnesia (MgO), per cent G.OO 

3. Physical Teats. — The specific gravity of cement shall be not 
less than 3.10 (3.07 for white Portl^d cement). Should the test 
of cement as received fall below this requirement, a second test 
may be made upon an ignited sample. The specific gravity test 
will not be made unless specifically ordered. 

4. Tlie residue on a st^dard No. 200 sieve shall not exceed 22 
per cent by weight. 

6. A pat of neat cement shall remain firm and hard, and show 
no signs of distortion, cracking, checking, or disintegration in 
the steam test for soundness. 

6. The cement shall not develop initial set in less than forty- 
five minutes when the Vicat needle is used or sixty minutes when 
the Gillmore needle is used. Final set shall be attained within 
ten hours. 

7. The average tensile strength in pounds per square inch of 
not less than three standard mortar briquettes composed of one 
part cement and three parts standard sand, by weight, shall be 
equal to or hasher than the following: 

' Adopted by the American Society for Testing Materials in 1904 and re- 
vised in 1008, 1900 and 1016. These specifications are the result of several 
years' work of a special committee representing a United States Govern- 
ment Departmental Oommittee, the Board of Direction of the American 
Society of Civil EnMoeers and Committee C-1 on Cement of the American 
Society for Testing Materials, in cooperation with Committee C-1. The 
spaeifications aslwrs printed are but the first part of the Society's "Stand- 
udSpeeifioations and Tosts for Portland Cement," as ofBcially published. 
107 
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8. The average tensile strength of standard mortar at twenty- 
eight days shall be higher than the strength at seven days. 

D. Pcuhagea, Marking and Storage. — ^^e cement shall be de- 
livered in suitable bags or barrels with the brand and name of 
the manufacturer pluuly marked thereon, unless ahipind in 
bulk. A ^Mg shall contun 94 pounds net. A barrel shall con- 
tain 376 pounds net. 

10. The cement shall be stored in such a manner as to permit 
easy access for proper inspection and identification of each ship- 
ment, and in a suitable weather-tight building which will protect 
the cement from dampness. 

11. Inspedion. — ^Every facility shall be provided the purchaser 
for careful sampling and inspection at either the mill or at the 
site of the work, as may be specified by the purchaser. At least 
ten days from the time of sampling shall be allowed for the com- 
pletion of the 7-day test, and at least 31 dasm shall be allowed for 
the completion of the 28-day test. The cement shall be tested 
in accordance with the methods hereinafter prescribed. Tlie 
28-day test shall be waived only when specifically ordered. 

12. Rejection. — ^The conent may be rejected if it fails to meet 
any of the requirements of these specifications. 

13. Cement shall not be rejected on account of fculure to meet 
the fineness requirement if upon ret«flt after drying at 100°C. 
for one hour it meets this requirement. 

14. Cement failing to meet the test for soundness in steam 
may be accepted if it passes a retest using a new sample at any 
time within 28 days thereafter. 

15. Packages varyug more than 5 per cent from the specified 
weight may be rejected; and if the average weight of packages 
in any shipment, aa shown by weighing 50 packages taken at 
random, is less than that specified, the entire shipment may be 
rejected. 
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PETROLEUM AND RESIDUUMS' 

A large part of the materiala used as duat preventives aad 
binders to hold tt^ether the mineral constituents of roads are 
obtained from petroleum. Petroleum ia a term which covers 
mineral oils of a great variety of characteristics, all alike in being 
composed of a great variety of complex chemical compounds 
called hydrocarbons, of which there is a very large number. 
The invest^tion of the properties of these hydrocarbons and 
their derivatives requires a knowledge of organic chemistry which 
few roadbuilders possess, and because some of them have at- 
tempted to tread the veritable mazes of this extremely compli- 
cated domain of chemistry, no little confusion has arisen. The 
main facts regarding petroleum and the other hydrocarbons used 
in roadbuildiug are definitely known, but the details of any group 
of these compounds are best left for the chemical specialist, who 
is making steady progress in his researches concerning them. 

Part^n and Aaphalttc OUa 

The roadbuilder's interest in petroleum is largely in its base, 
a term used to designate a part of oil left after distilling off the 
more volatile portions. The base is sometimes made up of com- 
pounds of the paraffin group or series, as chemists term such 
aUied compoun<^. Mardi gas is a member of the paraffin series, 
and its least complex representative. A few other members are 
gases but most of them are liquids or solids, and their number is 
legion. The base of other petroleums is made up of compounds 
called polycyclic polymethylenes by the chemist, and as these 
compounds occur in native asphalts such a base is called asphaltic. 
The base of other petroleums is made up of both paraffin and 
asphaltic compounds and such petroleums are called semi- 
asphaltie. 

The gaseous hydrocarbons are of no interest to the roadbuilder. 
The liquid and soUd hydrocarbons are what determine the value 
of petroleum for his purposes. The liquid and soUd paraffins are 
greasy materials without binding properties, while tbe asphaltic 
materials are sticky. Consequently the roadbuilding value of 
petroleum depends upon the asphaltic compounds in its base. 
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^raffin oils have been used BucceesfuUy as dust preventives 
when sprinkled in small quantities on a clean road, but if used in 
large quantities th^ form a greasy, dirty surface and seem to 
lubricate the pieces of stone in the road, which becomes rutted 
rapidly. 

Petroleum is obtained from many districts, which are called 
fields in the industry. The leading fields which supply or have 
supplied materials for roadbuilding in the United states are 
dismbed subetantially as follows by John D. Northrop in Aftnerof 
ReaouTcea of the United States, 1916: 

1. The Appalachian field embraces all oil pools east of central 
Ohio and north of central Alabama, including those of New York, 
Pennsylvania, West Virginia, southeastern Ohio, Kentucky, 
Tennessee, and soriiiem Alabama. The oils of the Appalachian 
field are in the main of paraffin base, free from asphalt and prac- 
tically free from sulphur, and they yield by ordinary refining 
methods high percentages of gasoline and illuminating oils — the 
products in greatest demand. 

2. The IJmarlndiana field embraces all areas of oil production 
in the northwestern part of Ohio and in Indiana. The petroleum 
of the Lima-Indiana field contains some asphalt, though con- 
sisting chiefly of paraffin hydrocarbons with sulphur compounds. 

3. The lUmois field hes in the southeastern, south-central and 
western parts of the State, comprising about 16 counties. Illinois 
oils contain varying proportions of both asphalt and paraffin 
and differ ccmsiderably as to specific gravity and distillation 
products. Sult^iur is generally present. 

For commercial purposes it is customary to group under the 
title "Mid-Continent field" the areas of oil production in ^naaa, 
Oklahoma, northern and central Texas, and northern Louisiana. 
Mid-continent oils vary in composition within wide Umits, rang- 
ing from asphaltic oils poor in gasoline and illuminants, to oils 
in which the asphalt content is ne^gible and the paraffin con- 
tent relatively high and which yidd correspondingly high per- 
centages of the lifter producte on distillation. Sul[uiur is pres- 
ent in varying quantilaes in the lower grade oils, 

6. The term "Gulf field" includes that portion of the gulf 
coastal plain of Texas and Louisiana in which petroleum is found 
in domes, associated with rock salt and gypsum. Oils from the 
Gulf field are characterised by relatively high percents^ of 
aq)halt and low percentages of the lighter gravity distillation 
products. Considerable sulphur is present, much of which, how- 
ever, is in the form of sulphureted hydrc^en and is easily removed 
by steam before refining or utiUidng the oil as fuel. 

6. The California field is mainly located in Kern, Fresno, 
Orange, Santa Barbara and Loe Angeles Counties. The Cali- 
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fomia oilB are generally characteriwd by much aspbiJt and little 
or Qo paraffin and by small proportions of sulphur, llie chief 
products are fuel oils, lamp oils, lubricants, and oil asphalt. 

Oils from Wyoming and Colorado are in the main of paraffin 
base, suitable for regiung by ordinary methods. Heavy asphallio 
oils are also obtained in certAin of the Wyoming fields. 

7. Mexican field. This extends along the Giuf of Mexico from 
the vicinity of Tampico to the vicinity of Tuxpan, and produces 
asphaltic and aemi-asphaltic petroleum. 

8. Trinidad field. A large amotmt of asphaltic petroleum is 
produced on the island of Trinidad. 

Clifford lUchardson gives the following explanation of the rela- 
tion between this petroleum and Trinidad asphalt: 



RuMDX from the sands in which it oi 



IS and coming in cont&ot with the 



into the niEiterial which we recogniie as Trinidad lake asphalt. 
R^fininff Petroleum 

Crude asphaltic petroleum has been used as a dust preventive 
and as a lander, but generally the petroleum is refinea to obtain 
a number of valuable materials occurring in it. The crude oil 
is first allowed to settle in tanks in which the mineral matter 

Petrolmim Marktltd in tkt Vniltd SlaUt in WS by FiOdt 
(John D. Northrop, in Mintrai lUtovrce* of the United StatM, 1016) 
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22,860,048 
4,269,691 
10,041,695 
123,296,867 
20,577,103 
86,591,536 
4,464.000 
14,266' 


136,468,973 
4,114, 228 
18,866,860 
72,437,701 
0,802,901 
36,558,439 
2,400,603 
24,205* 
















Gulf 








Colorado and Wroming 


0.639 
1 703 








281,104,104 


1170,462,890 


10.638 



* Includes Alaska, Michigan, and Missouri. 

NoTx : The Barber Asphalt Company reports that the importation of 
crude petroleum from Trmidad has oeen as follows: 1914, 140,438 barrels; 
1915, 330,022 barrels; 1916, 372,uO0 barrels. The imports of crude petro- 
leum from Mexico are reported by John D. Northrop as followo; 1914, 
16,245,076; 1915, 17,478,472 barrels. 



Daitod States ia 202,300,000 b 



nthe 
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DBfTMt Baumi, Specific Oraoitiet, Weight* in Ptmndi per Gallon and VoIuhm 

in Oailons per Potmd of Petroleum at 00° F. 

(From "United States -Standard Tables for Petroleum Oils," United St&tea 

Bureau of Standards) 
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mnotwa 


ravn*m 


aauam 


BXUKi 


ORATtrT 


auu»> 


purovMCi 


■Aimi 


OMTITT 


OAiroH 


nsFoirap 


10.0 


1.0000 


8.32S 


0.1201 


19.6 


0.S358 


7.793 


0.1283 


10.2 


0.9986 


8.317 


0.1S02 


19.8 


0,9348 


7.783 


0.128S 


10.4 


0,9072 


8.306 


0.1204 


20,0 


0.9333 


7.772 


0,1287 


10. e 


0.9967 


8.293 


0.1206 


20,2 


0.9321 


7.762 


0.1288 


10.8 


0.9943 


8.281 


0.1208 


20.4 


0.0309 


7.752 


0,1290 


11.0 


0.9029 


8.289 


0.1209 


20.6 


0.9296 


7,742 


0,1203 


11.2 


0.9915 


8.268 


0,1211 


20,8 


0.9284 


7.731 


0.1293 


11.4 


0.9901 


8.246 


0.1213 


21,0 


0.9272 


7.721 


0,1205 


11. e 


0.9887 


8.234 


0.1214 


21.2 


0.9250 


7.711 


0.1297 


11.8 


0.9873 


8.223 


0,1216 


21.4 


0,9247 


7.701 


0.1299 


12. 


0.9869 


8.211 


0,1218 


21.6 


0,9236 


7.690 


0.1300 


12.2 


0.9845 


8.199 


0.1220 


21.8 


0,9223 


7.680 


0,1302 


12.4 


0.9831 


8.188 


0,1221 


22.0 


0.9211 


7.670 


0.1304 


12.6 


0.9818 


8.176 


0.1223 


22.2 


0.9198 


7.660 


0.1305 


12.8 


0.0804 


8.166 


0.1226 


22.4 


0,9186 


7,660 


0.1307 


13.0 


0.9780 


8.163 


0.1227 


22.6 


0.9174 


7.640 


0.1309 


13.2 


0.9777 


8.142 


0.1228 


22,8 


0,9162 


7.830 


0.1311 


13.4 


0.9763 


8.131 


0.1230 


23,0 


0.9150 


7,820 


0,1313 


13.8 


0.9749 


8.119 


0.1232 


23,2 


0,9138 


7.610 


0.1314 


13,8 


0.9736 


8.108 


0.1233 


23,4 


0.9126 


7.800 


0.1316 


14.0 


0.9722 


8.096 


0,1236 


23.8 


0.9116 


7.690 


0.1318 


14.2 


0.9709 


8.086 


0,1237 


23.8 


0.9103 


7.680 


0.1319 


14.4 


0.9695 


8.074 


0,1239 


24.0 


0.9001 


7.670 


0.1821 


14. S 


0.9682 


8.063 


0.1240 


24.2 


0.9079 


7.661 


0,1323 


14.8 


0.9669 


8.052 


0.1242 


24.4 


0.9067 


7,661 


0.1324 


16.0 


0.0656 


8.041 


0.1244 


24.6 


0.B066 


7.641 


0,1326 


16.2 


0.9642 


8.030 


0.1245 


24.8 


0.9044 


7,631 


0,1328 


16,4 


0.9629 


8.019 


0.1247 


26.0 


0.9032 


7.622 


0.1330 


IS. 6 


0.9615 


8.007 


0.1249 


25.2 


0.9021 


7.512 


0,1331 


16.8 


0.9602 


7.997 


0.1260 


25.4 


0.0009 


7,602 


0,1333 


10. 


0.9689 


7.986 


0.1252 


26.8 


0.8997 


7,493 


0,1336 


16.2 


0.9576 


7.976 


0,1264 


25.8 


0.8986 


7.483 


0,1336 


16.4 


0.9663 


7.964 


0.1266 


26.0 


0.8974 


7.473 


0,1338 


16.6 


0,9660 


7.953 


0,1267 


26.2 


0.8963 


7,464 


0,1340 


16.8 


0.9637 


7.942 


0.1269 


26.4 


0.8S61 


7,464 


0,1342 


17.0 


0,9624 


7.931 


0.1261 


28.8 


0.8940 


7.446 


0.1343 


17.2 


0.9611 


7.921 


0.1262 


28.8 


0.8929 


7,435 


0,1346 


17.4 


0,9498 


7.910 


0.1264 


27.0 


0.8917 


7,425 


0,1847 


17. B 


0,9485 


7.899 


0,1266 


27.2 


0.8906 


7,416 


0,1348 


17.8 


0.9472 


7.888 


0.1268 


27.4 


0.8895 


7,407 


0,1350 


18.0 


0.9459 


7.877 


0.1270 


27.8 


0.8883 


7.397 


0,1352 


18.2 


0.9447 


7.887 


0.1271 


27.8 


0-8872 


7,388 


0.1364 


18.4 


0.9434 


7.866 


0.1273 


28.0 


0.8861 


7,378 


0,1355 


18.6 


0.9421 


7.846 


0.1276 


28.2 


0.8860 


7.369 


0,1357 


18,8 


0.9409 


7.836 


0.1276 


28.4 


0.8838 


7.360 


0,1360 


19.0 


0.9396 


7,825 


0.1278 


28.8 


0.8827 


7,361 


0.1360 


19.2 




7.814 


0.1280 


28.8 


0,8816 


7,341 


0.1362 


19.4 


0.9371 


7.804 


0,1281 


29.0 


0,8805 


7.332 


0.1364 



NoTs: Tables for oils of greater specifio gravity than l.OOOand of tlw 
comparative volumes of oils at 00" and other temperatures ore given on 
pages 129 and 131. 
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sod water &re separated from the oU. The latter is drawn ofF 
into cylindrical stills set horizontally in brickwork like boilers. 
There is a furnace below the still, and the latter contains steam 
coils and sometimes steam jets at the bottom of ijie stills. The 
heating by means of the ftimace and the steam coils and jets 
should be conducted very carefidly, if the final products are to 
be used for road work, and careless heating has resulted in very 
undesirable materials being sold for highway purposes. The 
vapors from the stills are removed to condensers and hquefied. 

The distillate that is obtained until the temperature reaches 
about 300°F. and the specific gravity of t^e product is about 0.73 
is refined to furnish gasoline and naphtha. While the tempera- 
ture is increased from 300° to 575°F., the specific gravity of the 
distillate increases to about 0.82, and the oil produced during 
this stage is treated to supply kerosene. If it is desirable to pro- 
duce as much kerosene as possible the furnace is heated and the 
mdes of the still kept as cool as possible, so that some of the 
heavy vapor driv^ off in the bottom of the still will condense 
in the top and fall back into the much hotter material at the 
bottom, "cracking" these heavy vapors into lighter compounds. 
One result (rf such cracking is often the liberation of free carbon, 
which settles into the material in the bottom of the still. As- 
phaltic oils can be cracked at a lower temperature than paraffin 
oils. 

If road oils for surface treatment are desired, the distilling 
process is stopped after the light distillates are driven off. The 
thick oil left in the' still is called the residuum, and some people 
look upon it as a by-product and the name "residuum" as havii^ 
a somewhat derc^atory signification. As a matter of fact the 
residuum obtained in distilling some petroleums is by hr the most 
important product obtained from them. Some Califomian and 
Mexican oi^ contain such a large amount of asphaltic compounds 
and so httle light oils that by stopping the refining process when 
the residuum has the consistency desired for some classes of 
paving materials, it is unnecessary to add any other bitumen to 
fit it for use. 

In the patented Trumbull process, the oil is heated and then 
allowed to flow down the inner surface of a large vertical heated 
cylinder. The vapors are drawn from the top of the cylinder 
and the asphaltic residuum is collected at the bottom. The 
temperatures used and the rate at which the crude oil is fed to 
tile top of the cylinder fix the consistency of the residuum. 

One of the earhest attempts to improve the process of refining 
petroleum so as to yield the maximum quantity of products usefid 
for paving was made by Dubbs. By adding sulphur to the 
residuum while it was at a h^ temperature he produced mate- 
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rials which have been widely used as fluxes. About the same 
time Byerly found that by bloving air throi^h the heated re- 
nduum aaphaltic products were obtained, the o^gen performing 
the same functioii as the sulphur used in the Dubbs process. 
Some of these blown-oil products have been used as fluxee &nd 
others have been used for a great yariety of purposes. Some 
asphaltio oils furnish a residuum which does not require blowing 
to obtain road materia but this treatment is generally employed 
witii senu-asphaltic (hIb when mieh a product is desired. Appar- 
ency the hydrocarbons of the para£Sn serira are little affected by 
the blowing process, which affects compoimda of otiier series. 

Meaning of Analyses. — The characteristics of the residuums 
from various oils are given in the accompanying table. The fol- 
lowing notes explain the Edguificance of the information in the 
table, and are abridged from Pr^voet Hubbard's DjM Preoentivet 
and Road Binders. 

Spedfio Gravity.— TTie mark "25725*'C." indicates that the 
detominatioD was made at 25°C. (77°F.) and the result ^iresaed 
in comparison with water at the same temperature, llie teat 
is mainly useful in identi^dng the material, but also gives a rou^ 
indication of the amount of heavy hydrocarbons which give 
body to the material. Material having a specific gravity exceed- 
ing 0.93 or 0.94 should be heated before use. 

Flash Point. — This test is of value aa differentiating between 
the heavy crude oils and cut-back^ products, and the ffuid re- 
rdduume. It also shows the point to which a refined oil has be^ 
distilled and whether it is advisable to heat the material before 
application. 

Loss at 160°C. — The loss in weight is an indication of the rela- 
tive losses by volatilization of different road oils in actual service. 
It is an empirical test, like the rattler test for paving bricks. Tlie 
residue should be sticky. If it is desirable for the material to 
maintain its consistency after application, it should show a low 
loss. If the material is applied by a method which requires more 
or less fluidity, a high loss is permissible, in order that the mate- 
rial may rapidly attain the desired consistency in the road, 
fdthoug^ a high loss is not necessary in the case of dust preven- 
tives. The loss is now usuaUy determined at 163°C. 
, Loss at 205°C. — ^The purpose of this test is to show the effect 
of a high temperature as compared with 160° or 163°. It is not 
often made. 

Bitumen Soluble in CSi.— The solubility of tiie bitumen itself 
is iadependent of its character and condsten<^, bo the amoimt 
and character of insoluble material is of most mterest. 

B made by fluxing a deose uphalt with * 
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Inoiffanic Matter. — ^Thia indicatea in some cases the oatnre of 
the dense iHtumen. 

Insoluble Oi^anic Matter. — ^Tlus affords an indication of 
whether dl has been distilled destructivdy. 

Bitumen Insoluble in 88°B. Naphtha. — ^The hydrocarbons in- 
soluble in parafiBn naphtha are termed "asphaltenes" and those 
which are soluble "malthenes." The former tend to ^ve body 
and consistcocy and the latter contribute adhemve properties to 
a road material. Blown oils contain very high amounts of insol- 
uble hydrocarbons, sometimes as much as 25 to 30 per cent. The 
character of the bitumen dissolved in naphtha, after the solvent 
has evaporated, is infitruotive, for a sticky residue indicates better 
road buUding qualities in the ori^nal material f.h<>.ti that which 



IB greasy. 
Soluble 



ble Bitumen Removed by HiSOi and Saturated Hydro- 
carbons in Total Bitumen. — ^These tests are mainly of value as 
indicating the source of fhe material under examination. Clifford 
Richardson gives the following explanation of the significance of 
the tests in The Modem AtpluiU Pmement: 



leagenta. The satunted can be separated from the uiuaturated h, 
oaroona bji strong sulphuric aoid, aaa this will be found to be k very impor- 
tant means of differentiating the oils and the solid bitumens among them- 
•elres, br determining the relative proportions of these two classes of 
hydrocarbons which they contain. 

Solid ParafGn. — ^This test confirms the information obtained 
from an inspection of the residue after the test of the loss at 
160'C. The heavy liquid hydrocarbons of the paraffin series are 
probably more detrimental in road oils than are the solid paraffins. 

Fixed Carbon. — Fixed carbon is the coke resulting from the 
ignition of the bitumen in the absence of oxygen. 

Fhixet 

Fluxes are petroleum products which are mixed with harder 
bituminous materials to soften tiem to any desired consistency. 
Petroleum with a paraffin base furnished the first flux used in 
the amihalt paving industry. 

Aspnaltic or semi-asphaltic flux is the residuum left on distilling 
petroleum having an aephaltic or semi-asphaltic base to a point 
where the residuum is a dense liquid when cool but any further 
distillation will produce a solid residuum when cold. It is char- 
acterized by a relatively low amount of saturated hydrocarbons. 
While it resembles natural maltha in some respects, it differs in 
remaining soft after heating to 400°F., most mtUthas becoming 
hard pitches after such treatment. 
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ASPHALT AND NATIVE SOLID BITUMENS" 

The following definition of "aaphalt" has been adopted by tiie 
American Society for Testing Materialfi: 

Solid or semi-«olid native bitumens, solid or aemi-eolid* bitumeni 
obtained bjr refining petroleum, or solid or semi-solid bitumens which an 
oombinfttions of the oitumens mentioned with petroleums or deriTstiTes 
thereof, which melt upon the application of heat and which ooosist of a 
mixture of hjrdroosrbons and their derivatives of complex structuro, 
lately oyclio and bridge compounds. 

This definition is dependent upon the same society's definition 
of "bitumens," which is: 



UCllTaUVDD, TTUIUU lllKjr UQ (^BBCD, LJI4UIUJ 

which are soluble in oarboa disulphide. 

These definitions vera prepared after numerous conferences of 
road en^eers and producers of materials, and while adopted by 
the society are not accepted by aU speciaUsts. 

The following definitions are given by Clifford Richardson in 
The Modem Asphaii Pavement: 

Native bitumens consist of a mixture of native hydrocarbons and their 
derivatives, which may be gaseous, liquid, a viscous liquid or solid, but, 
if solid, meltii^ more or leas readily on the application of heat, and solu- 
ble in turpentine, chloroform, bisulphide of carbon, similar solvents, and 
in the malthas or heavy Mpkaltic oils. Natural ^a, petroleum, maltha, 
asphalt, grahamite, gilsonite, osocerite, etc., are bitumens. Coal, lignite, 
wurtielite, oibertite, so-oalled indurated asphalts, are not bitumens, be- 
cause they are not soluble to anv extent in tne' " ' ■ ' '" 
nor do they melt at comparatively low tempera 
asphaltic oils. These substances, however, ( 

> Revised by PrSvost Hubbard, chief of road materials teste and re- 
search. United States Office of Public Roads. 

< Solid bituminous materials are those having a penetration at 25^. 
(77'F.) under a load of 100 grams applied for five seconds, of not more than 
10. The si^ificance of "penetration" is explained on page 121. 

Semi-solid bituminous materials are those having a penetration at 25°C. 
(77* F.) under a load of 100 grams applied for five seconds, of more than 
10 and a penetration under a load of GO grams applied for 1 second of not 
more than 360. 

Liquid bituminous materials ar« those having a penetration at 25^. 
(77* F).) under a load of SO grams applied for one second or more than 

117 
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E've riM to products which are aimilar to natural bitumens, and they have 
«n on this account defined by T. St«rry Hunt as "pyTo-bitumens," 
which diEFerentiates them rery plainly from the true bitumen*. " 

Asphalt is a term used industriallv to cover all the solid native bitu- 
mens used in the paving industry and specifically to include only such as 
melt on the application of heat, at about the temperature of boiling water, 
are equally soluble in carbon bisulphide and carbon tetoaohloride and to 
a large extent in 88° naphtha, those hydrocarbons soluble in naphtha 
eonsisting to a very eoBsiderabie degree of saturated hydroearbons, yield- 
ing about 15 per cent of fixed oarbon and containing a high percentage of 
njphur. Under this definition it can be seen that craniunite is not an 
asphalt, since it is not largely soluble in naphtha and yields a very high 
percentage of fixed earbtm on i^ition. It is also leu soluble in carbon 
tetrachloride than in earbon bistdphide. Gilsonite is not an asphalt, 
■ince the saturated hydrocarbons contained in the naphtha solution are 
very small in amount and quite different in character from those found 
in asphalt. 

Roadbuilden use the term "natural asphalts" to designate 
the native sdid or semi-solid asphalts, and "oil asphalts" to desig- 
nate the corresponding materials prepared from petroleum or 
maltha. Some producers of oil asphalts object to tiie term on 
the ground that the materitd obtained by distilling away the 
light^ parts of asphaltic petroleum ia as "natur^" as that 
obtfuned by reflmng native asphalte. By "rock asphalt" ia 
meant sanobtone and limestone impregnated with asph^t or 
maltha. "Aaphaltio sands" are mixtures of asphalt or maltha 
and sand, the latter in loose grains which fall apart when the 
Utumen is extracted; many A them are called rock asphalts 
because in their natural condition the maltha cements them into 
a rock-like mass. 

The sources of the asphalts used iu the United States are given 
in the accompanying table. The quantitiee of materials there 
stated were not aH used for road and street purposes, aa there are 
many other uses to which some of them are put. 

Trinidad Amhait. — ^Trinidad asphalt comes from the island of 
that name. "Die main source ia on La Brea Point, about 28 milfiS 
from Port of Spain, the chief town. Here there ia a circular pitch 
lake of nearly 115 acres extent, between whidi and the sea are 
other pitch depoaita more or less mixed with sand. The former 
furnishes the "lake aaphalt" and the latter the "land asphalt" 
of the paving industry. 

The material in the lake ia described by Clifford Hichardson 
as an emulsion of water, gas, bitumen, fine sand and day. It is 
in constant motion owing to the evolution of gas, and for this 
reason, whenever a h(de is dug in the surface, whether deep or 
shallow, it rapidly fills up and tiie surface resumes its ori^nal 
level after a uiort time. Althoi^ soft it can be readily flaked 
out with picks in large conchoidal masses weighing 50 to 76 
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pounds. It is honey-oombed with gas oavitiea and resemblefl a 
Swiss cheese in Btructure. It is of uniform composition, as 
follows: Water and gas volatilized at 100°C., 29 per cent; bitumen 
soluble in cold carbon disulphide, 39 per cent; bitumen absorbed 

Anuriean Prodtidion and Importation of AtfihalUe Maleriati, 191S 

(Compiled from report by John D. Northrop is Mineral RMiouret* of iA« 

UniUd Slalei, 1916. Output stftted ia tons of 2000 pounds, except 

in oaae of importis, which &re in tons of 2240 pounds) 





mi 


1114 




Tom 


VahM 


Toa. 


VJm 


American bituminous rook 

WurtMlite (elaterite), gilaonito 


44,329 
20,569 
10,803 


»167,083 
276,252 
94,165 


51,071 
19,148 
9,669 


S162,<a2 
405,966 
73,636 




Total Amatican natural bitu- 


76,751 
417,869 
246,644 


526,490 
2,392,676 
2,323,007 


79,888 
171,447 
189,408 


642,128 




American oil asphalts and 
pitches 








Total American road oils, as- 


664,603 
174,864 
213,464 


4,716,683 
1,326,201 
2,405,236 


360,866t 
111,058 
202,729 


3,016,969 




Mexican oil asphalts and 
pitches* 








Total Mexican road oils, «»- 


388,318 

92,107 
28,6«) 
391 
64 
66 
200 
492 


3,730,436 

498,900 
144,696 
9;243 
6,426 
765 
1,637 
3.438 


313,787 

81,708 

58,766 

468 

71 
140 
620 
247 
100 
628 
1,354 


4,131,168 
334,636 


■^d^t"!**". 


Cuba 


111407 


Barbados 


6,693 






3!706 


Italy ... 




Iw:::::::::;:::::::;:::: 






774 
658 


9,801 
4,854 


6!269 




10,866 







by mineral matter, 0.3 per cent; mineral matttd", 27.2 per cent; 
water of hydration in clay and sUicates, 4.3 per cent. 

Trinidad land asphalt reached the places where it is found 
edtiier by overflowing from the lake or by intrusion into the seal 
from ihe same subt^ranean source that supplies tiie lake asphalt. 
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Its character is mu<^ affected by the effect of the weathering to 
which it has been subjected. Clifford Kichardson states uiat 
re&ied land asphalt of good qti&lity differe from the lake supply 
by its higher specific gravity due to the larger amount of tninend 
matter it contains, by a higher softening or mdting point, and 
a somewhat lower percentage of bitumen and, in consequence of 
these facts, a much greater hardness at all temperatures. Land 
asphalt requires mudi more paxaffin flux than lake asphalt, and 
asphaltic oil fluxes offer certain advantages over part^in fluxes 
for use with land asphalt. 

ComponUor 





™™.« 






1.40 

Blue biMk 

Dull 

HomoKeneoua 

Semi-oon- 

choidal 

a36T.(113°C.) 

1.1% 

Smooth 

4.0% 

Blistered 

56.6% 

3816% 






Black 












Semi-con- 




XidS 


Helto 


183-F.C84'C.) 








Smooth 








Wrinkled 




M 4% 


Bitumeo letained by mineral matter 
















35.6% 
63.1% 

ei.3% 

24.4% 
100.0% 
10.8% 






65.4% 


Saturated hydrocarbons in'total bitumen.. 


24.4% 
09. 6% 











Bermudez Aaphali. — Bermudez asphalt conies from a pitch lake 
in Veneeuela about 30 miles from the coast in an air line. The 
take is about 1^ miles long, 1 mile wide, of irregular shape and 
covers about 900 acres. It is covered with a crust from a few 
inches to 2 feet thick, having some grass and shrubs, with a few 
palms, and the pitch is visible on the surface in but few places. 
It is very wet, so tiiat excavations fill with water and it is diflS- 
cult to excavate the pitch, which has an average depth of 4 feet. 
The deposit is probably formed by the exudation of a large quaa- 
tity of soft maltha. The asphalt from the lake varies greauy io 
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the amount of water it oontaina, which fluctuates between 11 
and 46 per cent. This water is not emulsified with the bitumen 
but is adventitious surface water. The material for industrial 
use is selected, and when refined has the composition f^ven in 
Uie accompanying table, which also gives the composition of refined 
Trinidad asphalt. 

Meaning of Analyses. — The significaQce of most of the terms 
used in this table are explained in the section on Petroleum. The 
new terms are the following : 

Streak is the color of a nibbed or scratched surface. 

Hardness is stated in terms of Mohr'a scale, in which 1 is the 
hardness of talc, 2 that of rock salt, 3 that of calcite, 4 that of 
fluorite, etc. When a bitumen is softer than I oi> this scale its 
hardness is stated by its behavior in a penetration test, explained 
below. 

Melting point is determined by an arlntrary test, because 
bituminous materials are made up of a mixture of hydrocarbons 
and tiieir derivatives and can not have a true melting point, such 
aa a definite compound posaesses. 

Penetratitm is determined by the distance that a need'e of 
q>ecified size loaded with a specified weight will penetrate into a 
sample of the material in a specified time. Usually a No. 2 
needle loaded so that the total weight is 100 grama and a time 
period of S seconds ia employed, but a SO-gnm weight and a 
l-aecond time period are used with Uquid bitumena. PrSvost 
Hubbard makes the following statement regarding this test: 

The penetration test ia a conveDient one to employ for idaiti£cation 
and control, andiaoftenindic&tiveof the value of an oil or asphalt product 
for construction work. While the teat for bituminous road materials is 
made in the same manner as in asphalt paving work, the standards for 
road purposes are somewhat different. No oil product should be employed 
in macadam construction with a penetration higher than 25 nun. when 
tested at 25''C. with a No. 2 needle for five seconds under a weight of tW 
grams, unless it possesses the property of hardening considerably when 
subjected to the volatilization test. On the other hand, it is rarely neces- 
sary to require a penetration aa high as that tor asphaltic cement used in 
the topping of an asphalt pavement, for the reason that the upper course 
of a macadam road has much greater inherent stability than the sand 
course of the asphalt pavement. A penetration of from 10 to 15 mm. ia 
usually considered sufficient for road work. If a material having a much 
lower penetration is selected, its susceptibility to temperature changes 
will have to be considered. 

Oi^anic matter insoluble is a term of uncertain significance 
which has been explained by Clifford Richardson as follows: 

On adding together the percentages of bitumen soluble in carbon disul- 
phide and of inorganic matter obtained on ignition, the sum will aeldom 
amount to 100.0. The difference has been considered for many years as 
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organic matWr not bitumen (inaoluble). This nu^be true in exceptional 
CAMS, but recent investigations have shown that it is not at all so in man; 
bitumens. For example, in Trinidad asphalt it has been (ound to consist 
of the water of combuation of the clay which the material contains and 
some inorganic salts which are volatifioed on ignition. The amount of 
organic matter is extremely small. In other cases, it may ooDsist to » 
considerable extent of gross and twigs, bs in the seepages which have run 
out over sod. On the whole, therefore, it seems desiraolc not to describe 
it by any definite name, but merely as an undetermined difference. 

Pure bitumen soluble in CX!!lt (carbon tetrachloride) is not 
usually detenniBed unless a road oH has been badly cracked or a 
solid bitumen like erahamite has been added, so that the per- 
centage of hydrocarbons inBoluble in 88° naphtha is high. The 
bitumens insoluble in carbon tetrachloride but soluble in carbon 
bisulphide are called "carbenea." 

Other Aaphalta. — ^Maracaibo asphalt is found on the Limon 
Biver about 50 miles west of Maracaibo, Venesuela. According 
to Clifford Richardson it is an exudation from maltha springs. 
When carefully refined it contains from 92 to 97 per cent of 
bitumen soft enough to be indented by the finger nail. It con- 
tains a very small percentage of malthenes and has a hif^ier soften- 
ing point than either THnic^ or Bermudez asphalt. 

Cuban asphalts are found in small quantities in many places 
on the island and what little use of them is made in the United 
States is munly for Tarnishes. A deposit 18 miles from Havana 
has furnished material used in street pavements. 

Asphaltic materials are found in many places in Mexico, and 
some of them have been developed more or leas. What is usually 
known among roadbuilders as Mexican asphalt is prepared from 
the malthas and petroleums obtained mainly from the Tampico 
and Tuxpan district. 

Natural asphalt has been obtained in California at several 
places, but the most noted deposits are no longer worked. 

Refining natural asphalt consists merely in driving oS the 
water it contains by heating the material to about 325*^. in 
large tanks containing coils of pipes tiirough which steam is 
paired. In the bottom of the taijcs are steam jets which agitate 
the asphalt. The vegetable impurities, if any, are skimmed from 
the top. The refined asphalt is drawn off while it is Uquid into 
barrels for shipment. When it is to be used, it is melted with a 
residuum flux. 

Solid Biiumena not AsphaUa. — Gilsonite is a hard, brittle bitu- 
men with a reddish brown streak and a conchoidal fracture, 
obtained mainly from Utah and Colorado. It is sold in two 
grades, gilsonite selects and gilsonite seconds, the former being 
tiie more pure. Gilsonite from different mines varies consider- 
ably, and some of it is of little value for use in paving mixtures. 
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Grahamite is a hard, brittls bitumen with a black streak, 
otberwiae resembling eilsonite in appearance. Its softening 
pdnt is very high and not yet de&iitely determined. It is 
obtained mauily from Oklahtnna. 



Speoifio gravity, 78'/78'F. , . , 

Stresk 

lAutre 

Frftotiue 

Hftrdnefla 

Boftena 

FlowB 

L<W8,325°F., Thoura 

Loss, 400'>F., 7 hours 

Bitumen soluble im CSi 

Insoluble organio matter. . . . 

Mineral matter 

Bitumen eoluble 88° naphtha 

Soluble bitumen removed by 
H,SO, 

Total bitumen as saturated 
hydrocarbons 

Bitumen Boluble in 62* naph- 
tha ... 

Bitumen insoluble in CCI* . . 

Fixed oarbon 




Manjak res^nbles ^^hamite and is obtuned from Barbadoea 
and South America. Its lack of uniformity and its high price have 
prevented any large use of it for American pavements, althouf^ 
it is used successfully in preparing other materials. 

Flxixing Solid Bitumens. — Paving materials are made from solid 
bitumens by fiuxing them with petroleum refiiduums by two 
meUiodfl. in the first method the residuum is heated to above 
the temperature at which the solid bitumen melts and the latter 
is then added. Grahamite does not melt but intumescea and the 
residuum to fiux it must be raised to an exceptionally high tem- 
perature. The mixture is agitated until the bitumen is all 
melted and the combined material is of uniform quaUty. 

In the second method, the residuum is heated to about 3S0°F. 
and air is then blown throu^ it for six to forty hours, depoiding 
upon the quahty of the old and the properties desired in the fin- 
i^ed product. As soon as it reaches the proper consistent^ the 
blowing is stopped and enough sohd bitumen mixed with it to 
give a paving material having the required properties. 
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llie selection of bitummous materials for road putposeB should 
be based upon the local climatic conditions, the volume and 
ofaaraoter of the traffic, the character of the stone to be used, 
and the type of road to be constructed or maintained. Sudi 
conditions manifestly call for expert advice. The requirements 
of several state highway departmentfi are ^ven here merely as 
indicating the way in which specialists have met the needs of 
their respective localities.* 

Some of the requirement for road oils can be met by a few 
crude asphaltic petroleums. Prdvost Hubbard gives the accom- 
panying analysis of a crude California petroleum of this char- 
acter. This oil contained a small amount of water, and care in 
heating it would be necessary to prevoit foaming. Hubbard 
says that "this oil is capable of increasing greatly in consistency 
after application and would serve as an excellent binding medium. 

■ Revised by Provost Hubb&rd. chief of road materials tests and re> 
searoh, United States Office of Pubiio Roade. 

* Among the en^neera to whom this chapter was submitted was F. H. 
JoTner, Itoad Commissianer of Los Ajigeles County, California, who pro- 

Eared the following comment, which illustratea forcibly the neeeoaity of 
be services of a speoialist in extensive road improvements: 

"From a study of the notes you submitted made by m^ assistants and 
myself, and from reports of the chemist and chief road oiler, we reached 
the decision that our study and concluBione on what we call road oils are 
of value only here in California, where we use only the native oils. While 
there is much in the notes that would not be appUcable to our California 
oils or asphalts, I do not believe it would be necessary or proper to propose 
anychanges in the notes." 

The following statement by W. Arthur Brown, chemist of the Los 
Angeles county road department, explains the views mentioned by Mr. 

"The desirable constituent of a first-clasa road is asphalt. Thessphalt 
carpet coat demands an oil that contains the bluest grade of asphalt. It 
also demands that this asphalt be thin enou^ to spread well. It should 
enter all the interstices of the road surface. When tne lifter oonstituenta 
of the oil have served their purpose, namely, that of carrier and distribu- 
tor, they are no longer needed, in fact, they are not needed except, possi- 
bly, in very small amount. They should then be of such a nature that they 
will volatilise readil;^. Wedonot wish a possible volatile constituent that 
is solid or nearly so in cold weather but thiu and acting as a fluxing agent 
in hot weather. 

The specification of the Los AnEsles county highwa;^ department ia a 
departure from, and simpler than, the older ones requiring fixed carbon, 
aaphaltene, viscosity, float teat, loss on heating during a certain number 
of noura at a apecified temperature, ductility test, etc. Thia specification 
requires that the oil be reduced on the Brown evaporator in a specified 
time. This test determinea the percentage of as}Hialt and insures the 
124 
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Crude CeUifomia PetnAewn AdajtUdfor Road Work 
(From Pr^Tost Hubbard's Dwt PreventivM and Road Binder*) 

Chuaoter Black, visaous, stickv- 

Speoific mvity 25725'C 0.984 

FlMh point, degrees C 160.0 

Lofls at 100*C., 7 hours, per cent 6.26 

Character of residue More viscous than crude 

Loss at leS'C, 7 hour«, per cent 16.4 

Character of residue Sticky, very viBcoua 

Loss at 205°C., 7 hours, per cent 30.0 

Character of residue Solid, not brittle 

Soluble in CSi, per cent TO.77 

Organic matter insoluble, per cent 0.12 

Inorganic matter, per cent 0.11 

Bitumen insoluble ita 86* nAphtha, percent 9.8 

Fixed carbon, per cent 2. OS 

Viscosity, mentioned in this table, is explained by Provost 
Hubbard as follows: 

If it ia desired to apply a road binder at a given temperatui«F as for 
infftanoe when it is to be heated by means of steam, a determination of its 
TJsoosity at that temperature is often of value. The test also serves as 
a means of identification. When a viscous material is to be cut with one 
of lower viacosity in order to bring it to a proper consistency for applica- 
tion, the actual viscosity of the mixture should be asoertaiiied and not 
calculated from that of the two constituents for the reason that this prop- 
erty is not additive. 

In reporting the results of the teet, the temperature of the 
material, the quantity used in testing, and the time in seconds 
taken by the material in Sowing through a short tube of standard 
dimensions in what is called an Engler viscosimeter, are recorded. 
The longer the period of time taken by the material in flowing 
through the tube, the greater its viscosity. 

The float test is employed in determining the relative con- 
sistency of very viscous materials. The resulta are reported in 
seconds of time that a fioat containing the material under test 
will remain floating in water at a stated temperature. It is con- 
sidered a very useful test in controlling the preparation of road 

volatile oil being ot such a nature that it mil leave the oil when once it is 
^>plied on the road. The percentage of asphalt is also much nearer the 
actual in the oil than by the methods of heating in an oven at a lower 
temperature. These specifications also reciuire a stickiness test. This 
stickiness test, made on the Brown adhesivemeter, when interpreted in 
accordance with the entire specifioations, especially with the time to reduce 
to asphalt, determine whether the oil has sufficient binding properties to 
hold the particles from displacement from each other and from the base. 
The stickmess and loss are standardised against road oils found on the 
market throughout California. Thereaultsof the testshave been carefully 
compared wttn actual service results, which are in accord with laboratory 
results in every case so far known. 
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oQs ^m giveD materifda, for by cootinuiiiR tlie heating until 
the residiie ^ves a predetermined result in we float test, a uni- 
fonn product will be obtained. 

The ductility test shows the distance in centimeters that a 
briquette of the material will stretch before breakini;, when 
pulled at the rate of 5 centimeters per minute. The briquette 
18 1 cm. square at the smallest section and has a crose-section 
of 2 square cm. at the clips, which are 3 cm. apart. 

State Requiremtnia for Atphaltie Maieriali for Penetration Roadt 



gpeoific gravity, 26°/26°C 

Fitxh point, d^reee C, min. . . 
Ductility &t 25%., centimeters. 



O.97-l.O0a.»7+ 



Penetration, 100 gr., 6 MC, 

25'C., mm^ min 

LoH at 163°C., 5 hra., per cent, 

max 

Ch&racter of residue 

Bitumen eoluble in CSt, per 

cent, min 

Pure bitumen produota 

Bermudei produote 

Cuban produots 

Trinidad pn>duota 

Solubility in 8tt' naphtha, per 

cent , 

Solubility in CCI*, per cent 

Fixed carbon, per cent 



W.6 
96.0 
80.0 
66.0 

73-86 

Vie ' 



Bmootht 
SO.G 



ra-80 
99.4+ 
7-14 



09.6 
dS.O 
81.0 

ae.o 

72-86 
98.0+ 
8-16 



•8-12 for material with 90 per eent total bitumen, 7-10 for i!_ 

with 80 per cent to 90 per cent bitumen and 6-8 for Trinidad material 
having lesB than 80 per cent bitumen. 

t Penetration of residue at least 60 per cent of that of the original 
material. 

!9-12 tor pure bitumen products, 12-10 for fluxed native upbalts. 
Penetration of residue at least half that of original material. 

A In 76° naphtha. 

NoTK— Illinois specifies a brittleness test as follows: "A oylindrioal 
priam of the bituminous binder 1 cm. in diameter, after being maintained 
at a temperature of 5°C. (41''F.) for 20 minutes, shall bend 180 degrees 
at any point without checking or breaking." New York specifies a tough- 
ness test as follows: "It (the bituminous material) shall anow a toushneM 
at 32°F. not less than 15 cm. Toughness is determined by breaking a 

^linder of the — ' — ■"' " "-"' — "- ''" ' — ' — " ■-"' — — i.-;~i.4. ; — 

Page impact n 
cm. and eaol 
specifies a maximum of 4.7 per cent of paraffin. 



r. not lesB Lnan id cm. lougnneBB u oetermmea uy urvaiLuiH a 
ler of the material 1) inches in diameter by 1} inches u height in a 
impact machine. The first drop of the hammer is from a height of 

and each succeeding blow is increased by 6 cm." New York also 
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StaU RequiremenU for Aaphaltie Uateriaia for Surfacing 





^ 


«»K 




0-.0 






^. 


a-^ 


^. 


S^ 


OrwUCO 


Specific graTity, 2B'/2B'C 


0.96 
163 

10 


0.93 


0.96 


0.93 


0.91 










LoBB at ie3°G., 5 hours, per cent . 


6 


26 


90-98 


Bitumen aoluble in CSi, per cent. 
Solubility in 86° naphtha, per 


09.6 

75.B0t 
ft-W 

4.7 


09.6 
4.0 


99.5 99.6 

80-M 8&-W 
« 3.fi 



















* The residue after eraporation to 10 ni 
tim not exceeding 600*F., muBt amount to & 
volume and hftve a ductility of at leaat 25 cm. 

t In 76° naphtha. 

X The residue after evaporation to 10 nmi. penetration at a temperature 
not exceeding SOQ'F. must amount to 50 to 65 per cent of the original 
volume and have a ductility of at leaat 25 cm. 

Note — New York Bpecifiea the following toughness test: Grade H. O. 
■hall show a toughness at 32°F. not less than 20 cm. determined by the 
Page impact test. Ohio requires a viscosity of 10 to 60 at 100°C. for 60 oc. 
for Grade H. 0., 40 to 80 at 60°C. for SO ce. for Grade M. O., and 6 to 12 
at SO'C. for 50 cc. for Grade C. O. 

Skipping Road OH. — Small quantitiee of road oil are shipped in 
tight wooden 50-gallon barrels, such as are used for ^pping 
molasses, or in steel barrels. These barrels make the oil cost 2 
to 3 cents a gallon more than the price for the oil itself. Unin- 

Sred empty barrels can generally be resold to the shipper, 
eavy oil ia troublesome to remove from barrels, and they are 
usually dumped into the open heating kettles and broken up. 
When the oil is warm the broken pieces of wood are raked out 
and used for fuel. If there is no heating kettle on ^e job, the 
barrels of heavy oil must be kept close to a fire or in a very wann 
room before the oil can be poured from them into the distributor. 
Lai^er quantities of oil are shipped in tank cars, holding 8000 
or 12,000 ^llons. Where a large amount of oil is to be used 
annually near any railway, it will be desirable for the officials to 
supply a tank into which the oil can be nm as soon as the car 
arrives. The season for roadwork is limited and durii^ it there 
18 a brisk demand for tank cars. The oil company which loses 
the service of a oar for a week or ten days, while it stands on a 
aiding waiting to be emptied, is obliged to add an equivalent 
item to its overhead expense, and the road district which provides 
for prompt diecluuge of tank cars is in a position to deouuid, 
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and irill probably get, quotations shaded somewiiat to leoogniK 
its sense of business fairness. 

If oil must be used hot, a j or l^ch steam connection must 
be made with the beating coils of the tank car. For this reason, 
the car is often spotted on a siding near an electric station or 
mill, but the steam can also be furnished by a road roller, trac- 
tion ei^ne or other convenient source. It will take &om twelve 
to twenty-four hours to heat a tankful of heavy oil to 150° to 
170°F., which is high enough to allow it to be pumped. The 
temperature can be increas^ after that in the distributor. Hie 
amount of steam supplied to the heating coils of the car is r^u- 
lated by a valve on the exhaust pipe of uie coil, which is adjusted 
to prevent a waste of steam. As some road oils have a low flash 
point, great care must be taken to prevent any oil coming in con- 
tact with a flame. The temperature of the oil should be tested 
from time to time with a thermometer, to see tiiat it is not over- 
heated. If there is any water in the oil it will give a great deal 
of trouble if heated quickly, and if foaming is detected the rate 
of heating should be checked at onoe. 

Specific Oraniliet, Degree* Baumi, WeigMa in Pound* per Qallon and Tolvmt 

in Oallon* per Pound of Oils at eO°F. Hanng Specific 

Oraviliet Exceeding 1.00 



■nemo 




FOUKM 


ouu»» 


■nciriD 


DMUH 


PODHM 


oiu^n 


ouyiTT 


■Ami 




™«>UXD 


"*"" 


iLjnti 


PU<rux<» 


""""" 


1.00 


0.00 


8.328 


0.1301 


1.15 


18.01 


9.677 


0.1021 


1.01 


1.44 


8. 411 


0.1189 


1.16 


20.00 


9.660 


0.1009 


1.02 


2.84 


8.496 


0.1177 


1.17 


21.07 


0.744 


0.0007 


1.03 


4.22 


8,578 


0.1165 


1.18 


22.12 


0.827 


0.0986 


l.M 


6.68 


8.661 


0.1153 


1.19 


23.16 


9.910 


0,0073 


1.06 


6.91 


8.744 


0.1141 


1.20 


24.17 


9.904 


0.0061 


1.06 


8.21 


8.828 


0.1129 


1.21 


26.16 


10.077 


0.0949 


1.07 


9.40 


8.011 


0.1117 


1.22 


28.15 


10,180 


0.0037 


1.08 


10.74 


8.094 


0.1106 


1.23 


27.11 


10.243 


0.0926 


1.09 


11.97 


9.078 


0.1003 


1.24 


28.06 


10.327 


0.0918 


l.IO 


18.18 


9.161 


0.1081 


1.26 


29.00 


10,410 


0.0008 


1.11 


14.87 


9.244 


0.1060 


1.26 


29.92 


10.494 


0.0889 


1.12 


16.64 


9.327 


0.1057 


1.27 


30.83 


10.577 


0,0877 


1.13 


16.68 


9.411 


0.1045 


1.28 


31.72 


10,660 


0.0866 


l.U 


17.81 


9.404 


0.1033 


1.29 


32.60 


10,743 


0.0863 



Pumpinn Road OH. — In order to remove the oil &om the t^nfc 
car to tbe distributors, some form of pump is generally necessary, 
for it is not often that the car can be placed on a siding or trestle 
hi|^ enough to allow it to be emptied l^ gravity. 
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If a lift pump set in the top of the car ia used, it should be a 
8 or 4-iiich siee. With it one man can fill a 600-gallon dis- 
tributor in twenty minutes. 

In many cases a hose or pipe is <!omiected to the bottom of 
the car and run to an oil pump, operated by a steam or gasoline 
enf^e, which forces the oil into the distributor. A 1) or 2-inch 
power-driven rotary pump will deliver 600 gallcns in ten to fif- 
teen minutes. These pumps work with either hot or cold oil. 
A water tank pump can be used with cold oil but hot oil will ruin 
the valves speedily. A 24nch suction tank pump will fill a 600- 
gallon tank in thirty to forty minutes. 

The hose used in the connections between the pump and the 
bottom of the tank car should be as short as possible because the 
oil often destroys it rapidly. It is desirable to have a cut-off 
valve in the connection pipe. When everything is coupled ready 
for use, the discharge valve in the bottom of the car is raised by 
means of a vertical stem running up to the dome of the car, and 
the flow of oil is controlled by the cut-off valve, for the manipu- 
lation of t^e tank valve is quite troublesome. 

Heating Road OH. — As the fixed and operating charges at an 
oil storage plant are about the same irrespective of the amount 
of oil ddivered into distributors, it is dearable to load as maiur 
carts daily as practicable, in order to reduce the unit cost of suraa 
work. In California, where large amounts of oil are used in sur- 
facing ooncrete roads, oil stations have been designed with par- 
ticular attention to effecting such economics. It is considered 
desirable to have the oil at a temperature of 300° F. when it is 
applied, so it is heated to 325° for delivery within 10 miles and 
350° for longer deliveries. 

The oil is discharged from the cars into storage tanks or pits 
holding 10,000 to 25,000 gallons. These contain steam coils to 
warm the oil sufficiently to enable it to be pumped into a circu- 
lating tank holding 2000 to 3000 gallons, where it is heated 
further by steam coils. The oil is then piunped through a heater 
and back into the circulating tank until its temperature is about 
200°, after which the temperature of the heater is raised and the 
oil pumped through it into the distributor. The whole operation 
takes one and one^alf hours. 

The heater resembles a return tubular boiler. Ilie furnace 
has a fire brick arch and walls and is heated by oil burners. The 
heated gases pass over the furnace arch in a chamber formed of 
ordinary brick masonry, and finally escape tbrou{^ a steel stack. 
The oil is pumped throu^ a multiple grid of 3-inch pipes. The 
design is made on the assumption that with furnace temperatures 
of 1800° to 2000°, 1 square foot of heating surface will transmit 
8 British thermal units per hour per degree of change in temperature. 
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40 
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1.000 0.996 
0.962 0.958 
0.926 0.922 
0.893 0.890 
0.862 0.859 


0.992 
0.954 
0.919 

0.886 
0.856 




100 
200 
300 
400 


o.gs4 

0.M7 
0,812 
0.8S1 


0.980 
0.943 
0.909 
0.877 


0.977 
0.940 
0.906 
0.875 


0.973 
0.936 
0.BO3 
0.871 


0.969 
0.933 
0.809 
0.868 


0.966 
0.929 
0.896 
0.865 


0.961 
0.916 
0.883 
0.853 



Notb: This table u based on the Etesuniption that the valume of oil 
inoreawB 0.4 per cent for every increase of tO°F. above 60'. This rula 
is exactly applicable only to some oil*. In Los Angles Count/, Cal., the 
rate of increase in volume is taken at 0.3 per oent m the specificationa of 
the county road department. 

PureJuuinii OH. — Oil increases in volume from 0.3 to 0.4 per 
cent for eaui lO^F. rise in its temperature. The oil is bought 
on the basis of its volume at 60°F. and if measured at any other 
temperature its volume must be computed, or, in the case of an 
oil having an increase in volume of 0.4 per cent per 10°F., the 
accompanying table will give the volume at 60° with a minimnTn 
amount of figuring. To use it, multiply the tabular number 
for the temperature at which the measurement was made by 
the measured quantity of oil. For example 1,100 gallons of oil 
at 375*?. multiplied by 0.888 gives 978 gallons as the volume 
at 60*^. If the rate of increase per I0°F. was 0.3 per cent, the 
volume at 60°F. would be 995 gallfms. 
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TAR AND TAR PRODUCTS^ 

The tar used in roadbuilding is obtained by refining the crude 
tar produced in the destructive distillation of coal, in making en- 
riched water gas and in certain classes of coke ovens. It is a com- 
plex mixture of many hydrocarbons and is not a simple chem- 
ical substance. 

In a city gashouse, gas is produced by heating coal in retorts 
usually about S feet long, 15 inches high and 18 inches wide. 
The tar is driven off with the gas and is collected for the most 
part in "hydrauUc mains" which act as water seals for the gas. 
The gaa is further cooled in a condenser, where more tar is de- 
posited, and the remaining tar is removed in a tar extractor 
and scrubbers. The tar obtained at each stage in the process 
is different from that obtained at the other stages, but bH of it 
is usually run into large wells, where the accompanying ammo- 
niacal water rises and is drawn off. The character of the tar 
varies greatly. It is much affected by the temperature at which 
the co^ng is conducted, as well as by the character of the coal 
used. High temi>eratures result in an increase in the amount of 
free carbon in the tar, and this increase in free carbon is accom- 
panied by an increase in specific gravity. The presence of ammo- 
niacal water with oils distilling below 110°C. is stated by Pre- 
Tost Hubbard to be the distingui^iing features of all crude coal 
tars. 

Another class of tar is obtained from by-product coke ovens. 
The retorts in this case are much larger but are operated in much 
the same way as the retorts of illuminating gas plants, except 
that the main endeavor is to produce the maximum amount of 
coke instead of gas. For this reason the temperatures are lower 
than those usually employed in coal-gas works and the tar is 
likely to have a comparatively low amount of free carbon and a 
comparatively high amount of oils. There are several types of 
by-product coke ovens, and some produce tars better suited for 
road work than other types. 

Water gas ia made by passing steam over hot coal, in which 
process no tar is produced. This gas is a mixture of hydrogen 
and carbon monoxide, and bums with a flame of no value for 

■ ReviMd by Prevost Hubbard, chief of nwd m&teriala testa and reMuch, 
U. S. Office of Public Roada. 
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illumin&tioD. It must therefore be mund with hjnlrooarbonfi, 
whioh are usually obtained by cracfciog a grade of petroleum dis- 
tillate called gas oil. In the purification of this enriched or "oar- 
buietted" gas, tar is obtained which is called watei^^as tar. 
It is lighter than coal tar and the water it contains is practically 
free from ammonia, which is an identifying characteriBtic of this 
material. It has a comparatively high amount of heavy oil and 
a low amount of pitch. 

In some gas works both ooal gas uid water gas are made and the 
tar from both processes are collected together, resulting in mixtures 
which may vary greatly in composition. 

iiie crude tor is stored in tanks at the refineries, each class 
by itself. As much water is removed by settling as is possible, 
since this is the cheapest method of getting rid of it. Aiter set- 
tling, the tar is pumped into a still. Sometimes the tars from sev- 
eral sources are mixed so that a product with certain character- 
istics can be obtained which are unattainable by refinii^ tar from 
one source. The stills are set in brick like horizontal boiler shells 
and are heated very carefully at first to prevent the water in tiie tar 
from causing foaming. The vapors from tiie still are liquified in 
oondenaets. Water and light culs are first driven off, then intei^ 
mediate oils and finally heavy oils. The road materials are ob- 
tained from tiie residuum. The distillation must be stopped 
early if a light road tar is desired, while the process is oaJried 
much further if a binder is desired. In the final stages, the eon- 
tente of the still are agitated by jets of air to prevent coking. 

The composition of several crude tars and of the heavy pitehee 
made by refining them is given in the accompanying table. The 
figures must not be considered more than representative of gen- 
eral characteristics, for individual tars in the same class vary 
greatly. 

Tar products for road purposes are called "straight-run" when 
the^ are the residuums 1^ after refining crude tars to the decree 
which win furnish a material of suitable composition, and "cut- 
back" when they are made by fiuxing a hard piteh with a Ughter 
distillate. 

The effect of hee carbon in tar upon its utility for road purposes 
has been a subject of protracted controversy. Philip P. Sharpies 
makes tias comm^it: 

Ezperienca has aeemed to Mttle that a moderate amount of free carbon 
la beneficial in a road tar, thus bearing out the praotioal experience gained 
in the uw of coal tar materi&lB in other directiona. At the same time, an 
exoeaa of free carbon is not desirable, since it tends to make the material 
difficult to work and also reduces to a considerable degree the amount of 
true bitimien available. On the other hand, a certain percentaajB of free 
Mrbon aeems to enbance the binding power of the refined tar. llie upper 
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TAB AND TAB PBOonCTS 



of materials abould certainly not be tees thao 12 per cent for binder mate- 
rials and 10 per cent for Got surfacing materials. With cold aurfacins 
materials the free carbon is necessarilymuch lower, as its presence ii 
quantities reduces the penetration. With i ' ' 
cent may be placed as a aesirable minimum. 

Prevost Hubbard makes the following comments on free oar- 
bon in his Duet Preventives and Road Binders: 

In tars of the same consistency, those of low carbon contents have a 
greater inherent binding strengtn than those of high-carbon contents. 
In tars whose bitumen contents are of the same consistency those of high 
carbon contents have a greater inherent binding etrength than those of low 
carbon contents, but the binding; capacity of the former is lower. In sand- 
tar mixtures containing a relatively large amount of high carbon tar, th« 
carbon may act as a filler and add to the mechanical strencth of the min- 
eral aegregate, but better results in this respect can be obtained by the 
use ofa smaller quantity of low carbon tar of the same melting point, 
together with a mineral filler. The waterproofing value of high-carbon 
tars ia in general less than that of low-carbon tars. Free carbon retards 
the absorption of tars by porous surfaces. When tar is exposed in 



comparatively thin films free carbon has little or no effect in retarding 
volatiliiation. 

Applying these facts to the use of tar in road treatment the foIlowiuK 
conclusions are logically deduced: (1) In the treatment of old road 
surfaces a low carbon tar ia to be greatly preferred to a high carbon tar. 
(2} In ordinary bituminous road construction, both from the standpoint 
of efficiency and economy, a low-carbon tar is to be preferred to a nigh- 
carbon tar whose bitumen content is of the same consistency. 

The distillation test of tors furnishes information regarding 
their utility for road work. Formerly the test was made on ma- 
terial which might or might not contain water, but the tend- 
ency of spedalists at present is to remove any water from tiie 
samples by preliminary distUJation at a low temperature, for no 
water is permitted in tar for hot application imder most speci- 
fications now. Ilie distillation is carried on in an Engler fiask 
and ia conducted in a series of stages. The terminal tempera- 
tures of the stages have usually been llCC, 170''C., 270''C. and 
300°C., but recently it has heea proposed to make another stage 
with a terminal temperature of 235''C. The test is one which must 
be conducted with careful observance of the procedure speci- 
fied for the method followed or the results will not be comparable. 
The distillate obtained during each stage is called a "fraction." 

The 1916 requirements of several State highway departments 
for different grades of tar are given in the table on pages 136 
and 137. 
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BITUMINOUS ROADS' 

Bituminous materiala are used on gravel and broken etooe roadfl 
in three ways: (1) thoroughly mixed with the stone or gravel 
before the ktter is placed on the roads; (2) driven into the 
interstices between the stone after the latter has been placed on 
the rcffid; (3) appUed to the surface of a finished gravel or broken 
atone itMid. llie first method produces what is now commonly 
called bituminoua concrete and the Becond method bituminoua 
macadam. These will be described in this section and surface 
applications will be described in the next section. 

Bock for BUumiTums Roads.* — In bituminous road work obeer- 
vations indicate that in some cases it ia advantageous to use a 
rock of relatively high absorption rather than one with low 
absorptive qualities, owing to a better adhesion of the Ntuminous 
material by a partial surface impr^natioQ of the rock. 

While the binding or cementing value of a rock is a most 
important consideration from the standpoint of ordinary macadam 
construction, the same is not true of broken-«tone roads which 
are carpeted or constructed with an adhesive bituminous material. 
The French coefficient of wear is also of relatively leas importance, 
owing to the fact that the fine mineral particles produced by &e 
abrasion of traffic combine, or ^ould combine, with thebitumi- 
nous material to form a mastic which is held in place and pro- 
tects the underlying rock from abrasion so loi^ as it is kept 
intact by proper maintenance. The tou^mess of the rock is of 
more importaiice, as the ^ock of impact is to a considerable 
extent transmitted through the seal coat and may cause the 
underlying fragments to Matter. It would, therefore, seem that 
the minimum toughness of a rock for use in the construction of 
a bituminous broken-stone road or a broken-stone road with a 

* It ia the purpose of this chapter to indicate the methods followed in 
MTersl sections of the country where bituminoua roads have been built 
extensiTely rather than to retjommend any methods as the best for all 
conditions. Revised by P. St. J. Wilson, chief ei^Kineer, United States 
Office of Public Roisds and Rural Engineering; F. H. Joyner, road com' 
miaeioner of Los Angeles County, Cal.; and W. R. Farriugton, division 
engineer, Hasaachusetts Highway Commisaion. 

■ From Bulletin 370, United States Department of Agriculture, "Physi- 
cal Tests of Road-Building Rock," by Frsroet Hubbard, chemical engi- 
seer, and Frank H. Jackson, Jr., assistant testing engineer. Office of 
Public Roads. 
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bituminous-mat surfaoe ahould, for lig^t traffic, be no less than 
for ordinary macadam subjected to the same class of trafEc. 
For moderate and heavy traffic, however, the same minimum 
tou^mese should prove sufficient, owing to the cushioning effect 
of the bituminous matrix. No maximum limit of tou^neas need 
be considered for any traffic. 

In the case of bituminous concrete roads, where the broken 
stone and bituminous material are mixed prior to laying and 
consolidation, it generally appears advisable to set a minimum 
toughness of 6 to 7 for li^t-traffic roads, instead of 5, in order to 
insure that the fragments of rock which have been coated with 
bitiunen diall not be fractured under the roller during consolida- 
tion; and 12 or 13 for moderate and heavy traffic, instead of 10 
and 19, as in the case of water-bound macadam roods. 

Bearing in mind the fact that availability, cost, and various 
local conditions generally control the selection of proper limits, 
the accompanying table may be used as a general guide for 
minimum limits of the Frendi coefficient of wear and toughness 
in connection with bituminous broken-stone roads. 

BHuminous Maierials. — Climatic conditions, the volume and 
character of traffic to be carried by a road, the kind of stone to 
be used, and the methods of construction vary greatly in differ- 
ent places and have an important influence on the determination 
of the bituminous material to be used. For this reason it is not 
practicable to have a general speciflcation of universal applica- 
bility- l^e requirements for bituminous binders of a number 
of states are given in the tables on pages 126, 127 and 136. 

In moat cases the binders are furnished by the contractors 
under specifications of greater or less detail. In Massachusetts 
the State highway commission usually purchases its material and 
furnishes it to the contractors, altbot^ contractors are occa- 
sionally required to supply it. 

BitumiTious Macadam. — Roads of this type are frequently said 
to be built by the "penetration" method because the bituminous 
material is made to penetrate the interstices of the road from the 
surface. The grading, drainage and rolling of the subgrade are 
carried out as in the case of waterbound mticadam roads. On the 
subgrade is laid a base or bottom course, then a top course to 
which the bituminous material ia applied, and finally a thin 
"seal" coat of bituminous material covered with screenings or 
gravel to protect the main mass of the road from the weather 
and other deteriorating inSuences. 

The depth of the bottom course varies with the character of 
the subgrade, the traffic, the quality of the stone, the character 
of th« top course and the preferences of the highway authorities. 
Probably 6 inches at the center and 4 inches at the aides are 
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lAtniU of Phj/tieal Teatt of Rock for Bitvminoua Road* 
(Recommended by Prdrost Hubbard uid FrAnk H. Jackson, Jr.) 
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averi^ depths.* In Maaaachuaetts, where the foundation is pre- 
pared very carefully, sometimea conaiating of 12 inches or more 
of gravel or telford, an 18-foot roadway usually has a bottom 
course 2 inches thick at the sides and 3 inches thick at the center, 
after rolling, except on stone foundations, where the atandard 
thickness is 2 inchea at all points of the crosa-section. These 
thicknessea are increased in some casea. 

The Massachusetts specifications call for smaller stone than 
those of most states, and give the enf^eer the final decision 

* On roada where the traffic promises to be heavy, it is often considered 
beat to have the same depth the entire width of the road. 
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r^^ding the nroportioiifl of the } to IH"*^^ ^^ ^^(^ ^^ ^1 to 
2^^di size wnich shall be mixed tc^ther for this course, tbe 
intention being, where stone is crushed locally, to vary these 
proportions in order to use the output of the crusher. In New 
York and Pennsylvania the maximum size of the stone for this 
course is 3) inches. The Pennsylvania specifications require the 
stone to have a French coefficient of wear of not less than 10, 
and permit the use of gravel and of broken slag which weighs 70 
pounds or more per cubic foot, measured loose. In Ohio, if sand- 
stone is used in the bottom course, pieces as large as 6 inches are 
permitted; tlie maiHrTn im sze witji other rocks is 4 inches. In 
Illinois and California the maximum size is 3 inches. These 
variations are due mainly to differences in the average quality 
of stone available in the different states. 

After the stone has been spread, it is sometimes harrowed. The 
Illinois specifications call for the use of a tooth harrow weighii^ 
10 to 12 pounds per tooth. The com«e is then consolidated with 
a roller, one weighing 10 tons or more being generally required. 
It ifi next covered with screenings, email gravel and sometimes 
coarse sand, which are l^oomed and rolled dry until the inter- 
stices are filled, but not over-filled. Some engineers consider the 
course fini^ed at Uiis stage, while otliers require it to be sprinkled 
wiUi water and rolled ao as to consolidate it still further. 

On tlie work under a number of State highway departments, 
the stone for both the top and bottom courses must be shoveled 
from the carts into place, or be dumped on platforms and shoveled 
from there into place, or be spread over the road by distributing 
wagons biult for the purpose. In other states the stone for liie 
bottom course may be dumped on the sul^rade and shoveled 
from these piles into its final place. Stone for the top course ia 
never permitted to be dumped in piles on the bottom course. 
The screenings or other fine material used on the road are gen- 
erally required to be delivered along the road before construction 
be^s. 

Other types of bottom courses than those made of graded 
aggregates are occasionally used. Many macadam roads in good 
condition have had a bituminous ma«idam top course put on 
them. Macadam roads T^en in poor condition are often scari- 
fied, new material added where needed, and then rolled, thus 
furnishing a suitable bottom course at minimum expense. If 
these old roadways are thus used, their drainage should be care- 
fully examined and all defects remedied before the top course is 
laid. In the New York state highways, a base of run-of-bank 
gravel not larger than 3^ inches is sometimes used. In this case 
the material passing a i-inch screen must not be more than 5 per 
cent in excess of the voids in the remainder of the material after 
this fine stuff has been removed. 
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In Maasachusetts the top course is usually 2 indiee thick, and 
as stone from Ij to 2} is required the largest pieces become im- 
bedded slightly in the bottom course by me rolling. More tiian 
15 per cent of the } to l}-iiich stone, which is pernutted in the 
bottom course, is not desired in the top course because experi- 
ence has convinced the Massachusetts engineers that its presence 
makes a less durable road. More bituminous binder is required 
with coarse than small stone, but the entire quantity can be 
applied at one time, while if small atone is used it has been 
found desirable to construct this course in two layers in order to 
be certain that the smaller voids existing with such stone are 
filled. 

The top course in most States is usually from 2 to 3 inches 
thick. . 

The top course of the New York State highways is made of 1} 
to 2} inches stone, in Pennsylvania 1 to 3-inch, in Ohio 1} to 2i- 
inch stone for a course less ^an 3 inches thick and 2} to 4-inon 
stone for a course 3 inches or more thick, unless the stone has a 
loss on abrasion of less than 6 per cent, when the size is reduced 
to 2 to 3) inches; in Illinois 1 to 2 J inches. The Ohio and 
Illinois specifications require it to be harrowed. 

In rolling this course, it is usually considered desirable to roll 
adjacent strips of the shoulders as well, so as to unite the shoulder 
and roadway as completely as practicable. It is also generally 
considered desirable to roll the stone imtil it is "locked" in place 
so the binder distributor can pass without leaving any impres- 
sion, but not to the maximum density. The reason for this is 
that the bituminous material is believed to be more uniformly 
distributed if the course of atone is capable of further compression 
after the binder has been applied. Some stone bard enough to 
carry travel should not be rolled heavily, for if heavDy rolled the 
voids will be so reduced that the binder will not penetrate into 
them properly. 

No bituminous material should be applied except when the 
stone on the surface is clean and free from dust. The applica- 
tion is now made in many cases with a pressure distributor, 
which is required by some State highway departments; it is also 
appHed by gravity distributors and, on small work, by hand 
pouring cans. 

Distributing wagons often have some kind of fire-box for keep- 
ing the binder hot. Gravity distributors discharge their content« 
through nozzles or other spraying devices at their rear about 12 
inches above the road. The shape and location of the noezlea 
are so selected that the binder will be distributed uniformly 
over a strip of the road somewhat wider than the distance be- 
tween the wheels. The binder flows from the nozzles by gravity, 
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ftnd as the conteute of the tank are drawn off the pressure on the 
nozzles decreases and the rate of Sow per minute in reduced. 
In order to maintain a imiform flow, a control valve in the out- 
let pipe is provided. The' rate of application of the material is 
regulated by this valve and the speed of the distributor. 

Pressure distributor are used where it is desired to have better 
control over the rate of application of the binder than is practio* 
able with gravity distributora, and also to obtain the best dis- 
tribution and penetration. In some types, compressed air or 
steam is admitted to the top of the tank so that me pressure oa 
the surface of the binder, whether the tank is full or almost empty, 
is sufficient to drive the material through the nozzles with con- 
siderable force. In other types, the binder is driven out of the . 
nozzles by a small pump. The nozzles of the pressure distrib- 
utors are generally about 6 inches from the surface of the road. 
In some cases the binder is forced through a hose ending in a 
nozsle which the operator moves along just above the surface of 
the road. 

Bituminous material is also distributed from tank wagons with- 
out any suitable piping and nozzles of their own. This is done 
by attaching to their rear end a light two-wheel suUty having the 
necessary distributing apparatus, which is connected by piping 
with the outlet of the tank wagon. Attachments are also made 
for this purpose which can be bolted to an ordinary tank wagon. 

Pouring cans resemble garden watering cans in appearance. 
The top ia usually partly covered to prevent the binder from slop- 
ping out, and there is generally a removable screen which intercepts 
anything likely to clog the nozzle. The nozzle is a slot 6 to 10 
in^es long, which is usually adjustable. A skillful man can 
apply bituminous material in this way very uniformly, but the 
expense on large work is greater than with distributors. 

The binder can be heated in portable kettles, usually mounted 
on ^eels, in distributing wagons, oil heating pits, or in tank cars, 
the method to be followed depending upon the amount of material 
to be heated. 

The amount of binder used is from 1} to 1} gallons per square 
yard, depending upon the depth and size of the stone. If an 
asphalt binder is used it must be applied at a temperature of 
about SOCF. and if tar at about 200° to 225°F. After it is spread 
it is covered with small stone, usually from about i to j inches 
in size; in New York State work stone of f to IJ inches is speci- 
fied. In Massachusetts good results have been obtained in 
some cases with sand. After this dressing has been spread it is 
<tften gone over with brooms to make certain that all voids in the 
surface are filled, and the material unformly distributed, and the 
Iffooming should be finished with the brooms working parallel with 
th« line of the road. 
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After the top course has become firm under tiie roller, ihe 
surface is swept clean and the seal ooat is applied. This is usually 
spread at the rate of } to } gallon per square yard, and is covered 
with I to j-inch stone chips or pea gravel. The road is ihea 
broomed, using a lock street broom for the purpose, and then 
pYem a thorough rolling as to consolidate it as much as possible 
and the broom can be attached to the roller during this final rolling. 
A hberal use of both the hand broom and the lock street broom, 
or the broom fastened to the roller, durmg the screening and 
finiBhing of the road will do much to insure that the drewing 
is evenly taken up by the oil and a smooth riding surface obtain^ 
that will not start the pounding of automobiles and the con- 
sequent rippling of the surface. 

In the State h^^ way work of Illinois, there are there courses 
and a seal coat in bituminous macadam construction. The sec- 
ond course is 1 to 21-inches stone, harrowed, rolled, and treated 
with 1 gallon of binder per square yard. Tms is covered with } 
to J-inch screenings, which are broomed into the voids and the 
excess swept off. A second application of binder is then made 
at the rate of ) gallon per square yard and covered with torpedo 
gravel ran^ng in size from f-inch down to fine sand. Tins is 
broomed until the voids are filled, when the surplus is removed. 
Another apphcation of binder is made at the rate of \ ^dlon 
per square yard and covered with torpedo gravel at the rate of 
about 1 cubic yard per 200 square yards of road. The wheels 
of the roller may be wet to prevent them from picking up the 
binder; some et^ineers object to such wetting and require the 
wheels to be oiled. 

Where the grade is steep, the Massachusetts hi^way com- 
mission has recently tried the practice of leaving the surface 
rather rough, so as to afford a foothold for horses and resistance 
to skidding for automobiles. 

Bituminous Concrete. — ^When the stone and binder are mixed 
tc^ether thoroughly before they are placed on the road, it is prac- 
ticable to use both small and laige stone and thus reduce the vol- 
ume of the voids to be filled with bituminous binder. This mate- 
rial is pliw»d on any of the bottom courses used with bituminous 
macadam and also on concrete. It is essential for the bottom 
course to be dry and clean when the mixture is spread over it. 

The size of the stone required by different State hi^way 
departments varies someirtiat, and some departments, lutve a 
number of standard proportu)n8. In Massachusetts crudier- 
nm trap from 1 to li int^es is specified (or atane roads, and also 
crudied gravel, vhiai will be mentioned later. In New Y(»k, 
f to l}4nch stone is used for a course 2 inches or less in thick- 
ness, and for tiiicker courses stone up to 2^ mches in site is 
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allowed. In botii New York and Maryland materials are per- 
mitted which will ^ve a finished pavement with less than 10 
per cent passing a 2-tnea!a screen, 8 to 22 per cent passing a 4- 
meeh, 25 to 65 per cent passing a lO-meoi, 18 to 30 per o^t 
pasmng a 40-meeb, 5 to 11 per cent passing a 20&-mesh, and 7 
to 11 per cent of bitumen. In Maryland a mixture is also used 
containing two parts of i to IHnch stone and one part of sand 
with 25 per cent passing a 20-me8h screen and 5 per cent passing 
80-meflh. To this mixture is added 5 per cent of powdered lime- 
stone or cement and 7 to 9 per cent of bitumen. In Illinois the 
proportions are left to Uie engineer, but the purpose is to obtain 
the equivalent of a Uiorough mixture of 1 cubic yard of grit sand 
passing a f-inch ring with 40 to 80 per cent passing a lO-mesh 
meve, and 3 cubic yards c^ } to li inch stone with 30 to 80 per 
cent retained on a 1-inch ring. Instead of the stone 3 cubic 
yards of { to 1-inch gravel with 20 to 70 per cent retained on a 
f-inch screen may be used. 
The amount of bituminous binder on the Massachusetts work 

?* 3 about 20 to 24 gallons per cubic yard of stone. In New York, 
or the work with broken stone without fine material, 18 gallons 
are used per cubic yard of stone and the purpose is to have the 
finished course contain from 5 to 7^ per cent by weight of bitumen. 
On the Illinois work, from 27 to 30 gallons of binder containing 
95 per cent or more of bitumen is used per cubic yard of stone or 
gravel, and if the binder contains less than 95 per cent of bitumen 
the quantity must be increased proportionately. 

Although stone and tar binder have occasionally been mixed 
cold, as in Rhode Island, it is customary to mix the stoneand 
bituminous material hot. There is a marked difference of opin- 
ion regarding the temperature to which the stone should be heated, ' 
Massachusetts requiring this to be 180°F. or more and Illinois 
300° to 375°. A high temperature will injure some binders and 
not others, and it is therefore important to have the aggregate 
unifoimly heated to the proper temperature for the binder tued, 
the weather conditions, and the length of haul from the mixing 
plant to the road. The binder is heated in kettles or tanks. The 
temperature tor asphalt is 275° to 375° and for tar 200° to 276°, 
the limits varying somewhat with ihe grades used. Special care 
must be taken to prevent overheating. Sometimes hot stone and 
cold binder are mixed. The mixing on small work can be done 
by hand, but is more quickly and thoroughly performed on \arg6 
work in mixers made for the purpose. 

The best equipment for any contract will depend upon lo(^ 
conditions, among which the transportation of the mixed mate- 
rial is an important factor. The mixture must be delivered 
on the site at temperatures of 160° to 280°, according to the 
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binder used. The maximuin pennisBible drop betweoi ihe tern- 
peratures of the material at the mixer and when it reaches the 
road, freedom from segregation in the mixture, and the practi- 
cable speed of delivery, 5x the maximum length of haul. If the 
maximum length of haul permits the use of a central plant for 
the whole work, it ia often practicable to locate it at the crusher 
plant and save some labor charges. Portable plants for use along 
the road have been greatly improved in recent years and are used 
extenaiveiy. 

The wagons for transporting the mixture should be tight, and 
under some weather and hauling conditions their contents should 
be covered with canvas to keep them from becoming chilled. Ilie 
bodies of motor trucks are sometimes jacketed or insulated for 
the same purpose. 

The mixture should be shoveled from the wagons, or dumped 
on wood or metal platforms from which it can be shoveled. The 
shovels are often heated, as are the rakes used in spreading the 
mixture. It is considered desirable by some engineers to pro- 
hibit delivering hot mixture on the road within one hour of 
sunset. 

When the edges of the pavement are not protected by a stone 
or concrete curb, the New Jersey highway department requires 
the contractor to place temporary curbs of 6 or 8-inch planks of 
the same thickness as the finished top course. 

When it is necessary to lay half of the width of a road so as to 
allow traffic on the other half, the base of the first half is allowed 
to project about 2 feet beyond the center line of the toadw&y. 
The top course in such cases ends only a few inches beyond the 
center line, for this will iiuure all of it resting on a firm base. 
After the second half of the base has been constructed, the inside 
edge of the top course ah-eady laid is cut back vertical^ or nearly 
so along a straight or properly curved line so as to obtain a 
perfect joint with the second half of this couAe. 

After the material has been spread, it should be rolled inune- 
diately. Sometimes an initial compression is given with a 3- to 
6-ton tandem roller and the final compression with a 10-ton 
macadam roller, but the usual practice is to use a 7- to 10-ton 
roUer giving 200 to 300 pounds per linear inch of roll. The 
wheels may be oiled to prevent the binder from sticking to them. 
This rolling is continued until the roller leaves no marks in pass- 
ing. Any places which can not be reached by the roller are 
rammed with a hot iron tamp. 

The road is often given a seal coat at the rate of i to ^ gallon 
of binder per Bouare yard, which is at once covered with pea 
stone or grit. The binder is often the same material used in the 
Mtuminous concrete but sometimes it is a more fluid grade. 
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Some ei^eere require it to be applied mth a sque^ee distributor. 
Tbe seal coat is rculed until it is thoroughly incorporated with the 
top course. 

Mixed GraveUAsphait Roads. — The MasBachuaetts highway coin- 
missioQ has built a number of roads with mixed gravel-asphalt 
aiufaces on zravehand broken stone bases. The surfacing with a 
gravel base is 2^ inches thick after rolling. The followii^ notes 
from its 1915 report describe the construction: 

A ro&4i 18 feet in width with 3-foot shoulders, was built everywhere, 
the ourres being banked and widened to 21 feet. A gravel foundation wai 
put in wherever the bottom was bad, and about 4 inches of local crushed 
stone was spread and welt rolled. 

On thiawas spread, as evenly as possible, about 3 inches of a bitumi- 
nous mixture made of gravel that had been run through the crusher and 
sand or stone dust, mixed with a heavy asphaltic product. The gravel 
aud sand and the asphalt were thoroughly heated and were mixed in a hot 
mixer, and then carted onto the road and spread. The surface was rolled 
down to about 2 inches in thickness when the mixture was sufBciently cool 
not to crawl under the roller. 

Great care is necessary to insure a uniform product, uniformly heated, 
mixed and spread, and that sufficient asphalt is used and no more than 
sufficient to oind the mixture properly. The quantity of aaphalt has to 
vary somewhat, according to tne amount of voids in the mmeral aggre- 
gate. The variation ie usually from 18 to 22 gallons of the hot asphalt to 
the cubic yard of gravel, mien the mixture is right it hae about the 
consiatency of brown sugar and compacts under the roller, though when it 
is first spread and rolled it sometmieB has a few hair cracks which the 
traffic soon irons out. The asphaltic product used in this work has a pene- 
tration of from SO to 120 with a Dow penetrometer. 

Sand and OH Roads. — In 1905 the Massachusetts highway 
conunission surfaced a road at Eastham by distributing hot 
asphaltic oil over the sand which is practically the only material 
in the vicinity, applying IJ gallons to the square yard in two 
applications. The results were so encouraging that more sand- 
od roads have been built and the experience thus gained baa 
shown what are the requirements for success. They are now 
built by both the penetration or layer method and by the mixing 
method. They are considered suitable when the traffic is mostly 
li^t teams and automobiles and will not stand up if used daily 
by many heavily loaded teams. The average daUy traffic in 1915 
on one successful layer road was 20 heavy teams, 17 light teams 
and 253 automobiles. On a mixed road it was 6 heavy teams, 
23 light- teams and 505 automobiles; on another mixed road 21 
heavy teams, 38 light teams and 197 automobiles. 

It is desirable for success to use a hard, strong, sharp and well- 
graded sand, such as is abundant on Cape Cod, where this ^^ 
of construction has been developed. Many sanda are too fine, 
too uniform in size, too rounded or not strong enough. Fair 
results have been obtained with some fine sands, however. 
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An oil asphalt of good quality Hi&t will bind and not lubricate 
must be used. For the layer type, the pr^erence in Mama- 
chusetts is for an oil frith a viscosity of 150 to 200 aeoonda at 
200°C., using a Lawrence Tiscosimeter or about 1038 to 1384 
with 100 cc. at 100°C. in an Eagler viseoaimeter. From 1} to 
2 gallons per square yard are used, in two applications, witii a 
covering of sand after application. In the mixed type, oil as- 
phalts haying a penetration of 60 to 135 by the Dow penetrometer 
have been tried, but that now used ordinarily has a penetration 
of 90 to 125. From 16 to 22 gallons per cubic yard of sand have 
been used; the present average is IS gallons. 'Ihe Massachusetts 
commissioii advises testing ^ch carload of oil before using it. 

In the layer type of consb'uction, the commission spreads clay 
or loam over the sand sut^rade to reduce the rutting of the sur- 
face by wheels and pitting by horaea' hoofs when ^e ou cart passes 
over it. The oil is then spread eventy while hot with a dis- 
tributing cart and immediately covered witii sand, lliia process 
is then repeated. 

In the mixed i^pe of construction ibe sand and oil are mixed 
hot to form a mastic which is spread over tiie sandy subgrade 
and rolled. The subgrade is carefully shaped and hardened as 
in the case of the penetration type. The mastic sheet is about 
4 inches thick at the center and 3 inches at the edges. The best 
results have been obtained by keeping the road constantly shaped 
with a road scraper during rolling, and a seal coat of \ gallon of 
a hghter oil such as is used in layer work improves the surface 
and decreases maintenance charges. In the early work the sand 
was heated on sheets of iron, but this overheated parts of it and 
underheated other parts, so that now the heating is done in rotary 
heaters. 

If the traffic in the future proves too heavy for these roads, the 
commission beheves they can be greatly improved and strength- 
ened at a moderate cost by using harder asphalt, greater care in 
Sading the sand, and the addition of cement and stone dust, 
this way a sheet asphalt pavement 2 inches thick can be bad 
on the old sand-asphalt road as a base. 

Asphalt Blodta on Country Roadt 

As designed and manufactured for use on country roads, Hui 
asphalt blocks are 5 inches wide, 12 inches long, and 2 indiea deep, 
weigh about eleven pounds each, and have a spedfie gravity of 
about 2.40. 

The asphalt block was developed and perfected on the theory 
that crushed trap rock, on account of its preeminent hardness and 
Inherent grittiness, made the best known material for s roadwi^ 
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surface, the one thing needed being a cement, or binding material, 
to keep alt of the particlea permanently in place. This was accom- 
plished by the use of an asphaltic cement to bind together the profH 
•rl^ graded particles of crushed trap, the hot mixture being oon- 
sohdated by tremendous pressure into blocks bo dense and free from 
voids as to be practically non-absorbent. In the asphalt block, 
therefore, we have an asphaltic concrete, or macadam, mixed, In 
exact proportions, at a central plant, under conditions Insur- 
ing absolute uniformity, and receiving the compression necessary 
to produce a dense and non-absorbent material. 

Not only has a special block been produced, but a special method 
of construction has been worked out, designed to utilise what ii 
left of the worn and rutted macadam road as a foundation for the 
blocks. This is accomplished by scarifying the surface, if necessary, 
filling up the deep ruts, rolling with a heavy steam roller, and lay- 
ing upon the surface of the old macadam, a bed of cement mortal 
about 1 inch in thickness, to serve the double purpose of forming 
a firm unyielding bed for the blocks, and binding them securely 
to the macadam foundation underneath. By this method Uie 
material used in the original construction of tbe road is not thrown 
away, but used as foundation for a permanent wearing surface. 
Where the old macadam is too thin, or too badly worn to be safely 
used as a foundation, it will be necessary to lay a concrete base, 
but usually there is broken stone enough in the old macadam to 
supply what ie needed for laying concrete. 

A pavement may be laid of any deMred width, contour, grade, 
or crown. It is perfectly feasible to pave one-half of the roadway, 
- or only a narrow strip in the centN, and extend the paved area 
at a later date as traffic necessities require, or as appropriations 
become available. It is not necessary to set curbstones or head- 
ing stones to border or define the 
paved area, since a row of stretcher 
blocks held firmly in place by a shoulder 
of mortar, as shown in the sketch, 
answers the purpose perfectly and 
leaves the entire roadway surface 
smooth and uniform. 

A good example of this construc- 
tion is on the Albany Post Road, through tbe villages of Hast- 
ings-on-Hudson, Dobbs Ferryi Irvington, North Tarrytown, Town 
of Mount Pleasant, Brlarcliff and Ossining, N. Y., on the Boston 
Post Road in Felham Manor and Rye, N. Y., on 9 miles of road- 
way from Daytona to Deland, Volusia County, Florida, and on 
Nassau Street, Princetown, N. J., a section of the Lincoln Highway. 
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Surface appIicationB vary widely in character, accordinir to 
their purpose. In meet cases such an application is easentiajly a 
maintenance measure, but in the case of the bituminoua mata or 
wearing coursee used in California, or the mats now laid on new 
water-bound macadam, the first cost of such work is essentially 
a part of the first cost of the improvement. The practice in 
making such surface apphcationa of any general type variea 
widely in different parts of the country, more widely tJian the 
practice in any other branch of road work. Whether greater 
uniformity will prove desirable or the work can be done success- 
fully by a wide variety of methods can not be definitely deter- 
mined until the records of such work and of the traffic on roads 
are kept with more detail and uniformity than at present. The 
widespread interest in the subject was one of the leading charac- 
teristics of highway affairs in 1916, and was an evidence of the 
conditions mentioned. 

OiUng Earth Roads 

Surface apphcations on earth roads were made in California 
many years ago, and a method of incorporating oU and earth by 
a special form of roller was employed for some time. More 
recently well built earth roads in Iowa and Illinois have received 
surface applications as a maintenance measure. The experience 
in these states shows that while some success follows apphcationa 
on roads that are not in good condition, it is very desirable to 
have the surface properly shaped and hard before the oO is applied. 
The oil binds the grains of earth together and reduces the dust, 
but it does not give the resistance to attrition which a hard sur- 
face affords. The treatment is therefore one which must be 
regarded as adapted only for roads with light traffic and light 
vehicles. If sand instead of earth is present, the methods of con- 
struction first used in Masaachuaetta and described on p^i;e 147 
should be considered. 

If the road has ruts and holes in the surface and ia poorly 
drained, water will collect in puddles, soften the oiled cniat at 
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these places, and seep into the roadbed. The material under the 
crust will give way under heavy loads and the money spent in 
oiling will be largely lost, because the oiled material will become 
mix^ with the unoiled material below and dust will be produced 
about aa freely as on an unoiled road. Furthermore, the oiling 
of a mudhole often ai^avates troubles due to such a defect. 

The surface to receive the application must be dry, or the oil 
will not penetrate the pores, and it must be free from dust, for 
^e oil forma flakes or scales with the dust and these are a worse 
nuisance than plain dust, being very irritatii^ to the eyes. 

Both cold and hot apphcationa have been used successfully in 
Iowa, but the State H^way Commission prefers to heat the oil 
as it apparently gives enough better penetration to justify the 
5idditional expense. It is desirable to secure the advice of a 
Bpecialiat in selecting the oU. A light oil must be used and as 
it may have a low flash point, care should be^taken to keep it at 
a temperature below its flash point and to prevent any of it 
coming into contact with a flame. The first application ia made 
at a rate of about J gallon per square yard, and later appUcations 
at Uie rate of I to J gallon. The brief experience in such work 
indicates that two light apphcationa annu^ly for two years and 
afterward a single appHcation annually will be sufficient on a 
road adapted for such treatment and not subject to traffic requir- 
ing a more durable surface. During 1916 the Illinois State high- 
way department issued the following advice on the work. 

The beet results may be secured during the first application, by apply- 
ing either & cold oil or at least a very thin product toat will penetrate tb« 
surface of the road several inches and at tne same time contain as muiy 
binding elements as possible so as to seal all pores in the earth, makii^ it 
waterproof and at the same time adding some binding qualities that may 
assist the bond of the soil itself. A suitable product, as is commonly 
expiessed, may vary from 30 to 60 per cent in asphalt. After the surface 
of the road has been thoroughly saturated, a hot oil or a slightly heavier 
product may be used. 

If the heavier oils are used for the first application they will not readily 
penetrate the surface of the road and will consequently form a mat on 
top. The forming of the mat before the surface of the road is more or less 
waterproof may be a serious fault as moisture will accumulate beneath the 
mat and the road will be much slower in drying out than it would had the 
oil not been applied. The mat surface with a soft subsoil will rut more 
readily, besides breaking and scaling off in large pieces, making the road 
surface rough and undesirable. 

The lUinoia authorities recommend covering the oiled surface 
with clean, hard sand, at the rate of a cubic yard to 100 to 150 
square yards. 
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Broken Stone Road Surfacing 

It haa been found that a surface application on a new water- 
bound macadam road may prove unsatiafactory, althou^ if the 
road is exposed to traffic for three months the desired results are 
obtained if the treatment is properly carried out. IIub is prob- 
ably due to the lar^ amount of fine, lightly-bound dust on the 
roadway, which is removed by the early traffic, or to the greater 
stability of the road as a result of its consolidation by traffic. 
In New York, macadam roads finished so late in the fall that they 
can not have three months wear before winter, are given a surface 
application of calcium chloride as a tem[>orary protection E^aiuat 
raveling during the months that must elapse before bituminous 
surfacing can he placed. 

In making thin surface applications to an old road that is thick 
enough to carry the prospective traffic and has a surface in fair 
condition, the ruts and holes must first be patched. Tliis is best 
done several days in advance of the surfacing. Each bole or 
rut is swept clean,^ painted with bituminous material and filled 
with } to 1) inch stone and binder, Tbe stone and binder are 
often mixed at a central point and carted along the road by the 
patching gang, for use where required. Just b^ore the surfadog 
IS done, the road is swept thoroughly, often with some type of 
revolving broom. Sometimes wire brooms are used first and then 
fiber brooms. The oil is applied hot or cold according to quaUty 
at the rate of about i to f gallon per square yard, as the engi- 
neer considers best, and then covered with dean screenings, granu- 
lated slag or gravel at the rate of about 60 pounds per square 
yard. It is advisable to secure the advice of a specialist in 
selecting the oil. The oil is applied by hand on small work, but 
usually with a distributor. If the screenings are distributed by 
hand they should be previously deposited in piles at convenient 
intervals aloi^ the roadside. They are also distributed by 
spreader carta. The length of time the road should be closed to 
traffic depends upon the weather, character of the oil, and the 
amount of screenings used, varying from 1 to 48 hours. 

If the road oil rises through the screenings, or "bleeds," in hot 
weather, more screenings should be spread over those places. If 
the road is used mainly by automobiles, a thin covering of screen- 
ings is sometimes spread first and later a covering of sand or other 
fine material, to act as a filler and prevent the tires from dislodgii^ 
the screenings. 

The following rules for the amount of bituminous material to 
be used in surfacing broken stone roads were prepared by George 
H. Biles, second deputy highway commissioner of Pennsylvania: 

> It LB desirable to cut the edgea of ft bole so u to secure vertical faces 
to wtkioh the new material will adhere properly ; a patoli with a feather edge 
ia liable to be onaatisfactory. 
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If the aurfaoe of the road is made up of pieces of ballast siie atoDS 
(S-isch) from which traffic has removed euI the fine material, learing la^e 
Borface voida between the atone, enough of the bituminous material muat 
be applied ao that it will flush up level to the top of the lar^ pieces of atone 
and Snaly bind the chipa and gravel which lie m the orevioea between tbe 

If, on the other hand, the aurface of the road ia equalljr clean, but traffie 
has not removed the fine particlea between these atonea to the aame extent, 
and the crevicea between them are eonaequentlj smaller, then a somewhat 
smaller amount of bituminous material ahould be used, since an exceaa 
will again flow off the road. 

In treating a road which has recently been resurfaoed, tt will be found 
oft«n that even after all the screenii^ and fine material have been swept 
from the top of the road leaving the lar^ stones bare, there will still be a 
eertain amount of dust and fine matenal between the stones which has 
not yet been compacted thoroughly by traffic and which will absorb the 
bituminous material like a blotter, leaving only a brown stain in these 
•paces. In auch cases, the amount of application must be increased untU 
tnia fine material is well saturated and there is onouph of the bituminous 
material near the surface of the road to bind thoroughly the covering of 
chips or gravel. 

The first application of a bituminouB surfacing to a waterbound 
macadam road may be disappointing. The hoofs of horses are 
liable to dislodge ibe mat and the surface will have a spotted 
appearance. After several applications, however, the niacadam 
surface will become protected everywhere. 

On the New York State highways which are thick enough to 
carry the traffic but are too roi^ to be treated satisfactorily with 
cold oil and screenings, surfacing with two applications of hot 
oil is sometimes done. After the old road is patched and cleaned, 
it is covered with 0.4 to 0.6 gallon of oil to tiie square yard, over 
which just enoush 1-inch stone is spread to cover the surface. 
Hiis is rolled ligatly and then covered with 0.3 to 0.4 gallon of 
oil per yard. 'iHiie is covered with ^ inch stone in the thinnest 
possible layer, which is rolled as soon as the oil is cool enough to 
permit it. 

On the Ulinoia highways, when a double application is made, 
about } gallon per square yard is used on each appUcation, and 
the preferred covering is torpedo sand, i to | inch in size, but 
clean, stone chips are also employed. The totfd amount of cover- 
ing material with such a treatment is one cubic ^ard for each 125 
square yards of road. 'When a single application is made } to 
i gallon of oil per square yard and a cubic yard of torpedo sand 
for every 150 square yards of road are employed. 

Bituminous sandstone obtained in Kentucl^ has been used in 
parts of that state for resurfacing old macadam. The latter ia 
scarified, smoothed with a road machine, and enough new stone 
added to give the desired thickness and contour. This is rolled 
ttioroughly and then covered with pulverized bituminous sand- 
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atone to a depth of about I| inches, loose, ^en spread. It is 
desirable to allow the sun to shine on the loose material for a few 
hours, until it appears sightly oily, and then roll it, slowly at 
first and later more rapidly. 

Concrete Road Surfadng 

While surface applications to concrete roads have been em- 
ployed in a niimber of states, there is no agreement as to their 
desirability. They have been used to the greatest extent in 
California, where both thin wearing surfaces and an asphaltic 
mixture are used.- The following information concerning both 
types was supplied by Austin D. Metcher, State highway engineer 
erf California. 

The thin bituminous wearing surface is about half an inch in thickness 
when completed. After it has been under traffic for a few months it ia 
found to contain a fairly uniform mixture of mineral aggregate and bitumi- 
nous binder consisting of about 8 to 11 per cent of bitumen and the balance 
mineral aggregate of a fairly uniform grading running from dust to rock 
of t-inch mazunum diameter. It shows no tendency to flow or creep and 
the surface remains true and free from rolling. The concrete baae, how* 
ever, must be finished with a true, smooth surface to make a good riding 
highway as this type of surfacing is not thick enough to smooth up to any 
considerable extent a concrete pavement whose surface is uneven. 

The procedure in laying this thin wearing surface is as follows; First 
the surface of concrete is cleaned of dirt, dust films and any thin coat of 
laitance. This is best accomplished by opening the bare concrete to 
traffic for a month or two. The iron shod traffic and the rapidly moving 
rubber tires are of greatest help in breaking any weak layers of dirt or 
laitance and exposing the surface of the concrete proper. This "traffic 
cleaning" is followed by brushing with revolving street brooms and band 
brooms. In some cases flushing the surface with water is a help in wash- 
ing off any thin coat of clay. It is of greatest importance that the asphaltic 
oil bind to the solid concrete and not to any ovcrlving weak film of dirt. 
The care taken in gettii^ a clean concrete it witnout doubt in a large 
measure responsible for the success of this surfacing because of the strength 
of the bond between the concrete and the bituminous wearing coat. The 
few failures where the wearing surface has been stripped from the con- 
crete have been nearly always easy to trace to a pavement improperly 
cleaned prior to the application of the road oil. 

After the concrete has been cleaned the asphaltic oil is applied by a 
pressure distributor at the rate of i gallon per square yard. This oil 
surface is immediately covered bv a layerof either crushed rock screenings 
or fine gravel of t to ) inch. Tnis material may contain some fines and 
dust but should be fairly clean. 

The screening are applied by shoveling from piles placed at frequent 
intervals alongside the road. The shovelers can be taught to bo throw 
the HnreRnino's that thev will cover the road surface with a fairly uniform 
a now with advantage be given a light rolling but 
ihould be swept into piles 
plication of road oil. This 
e rate and is covered with 
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The road is now thrown open to traffic and diirinethe first two weeka 
may require further BoreeningB to take up excess oil. The traffic is of great 
assistance in forcing the acreenings into the oil and compacting and mak- 
ing a homo^neous carpet on the concrete. 

The oil IB applied to the road at a temperature of from 250° to 300*. 
it contains approximately 90 per cent of 80° penetration asphalt. In 
California the road oil compauee clasaify this product as a "90-80" road 
oil. 

In building the thin bituminous wearing surface for concrete pavements 
two [physical properties of the road oil are of greatest importance. First 
the oil must be of such a viscosity that when applied to the road it will 
readily combine with the screenings that are thrown upon its surface. 
A very viscous oil will form a hard surface and the Horeeninga will lie 
there without being absorbed and to a large extent be thrown off the road 
by the passing traffic. Only a small amount will settle or be forced into 
the oil and the surface will not build up into a satisfactory protecting 
wearing coat. 

The second physical property of great importance is that the road oil 
must be cementing or adhesive so that it will bind tightly to the concrete 
surface and bind together all of the fragments of stone screenings. It 
should be an active cement and if it is not sticky then the wearing sur- 
face will not be firm enough to resist the push and pull of the passing 
traffic. 

The State highway routes leading from the great centers of population 
have required a nigher type of surfacing to meet suceeasfully the demands 
of heavy traffic. 

After proper curii^ of the concrete its surface is cleaned of all dirt and 
dust fihns and given a paint binder coat composed of asphaltic cement 
and engine distillate of lightest (pavity. The aaphalt used has a penetra- 
tion between 80° and 90', the mix being one part asphalt and one to two 
parts distillate, the exact proportion of distillate being determined by 
trial. The satisfactoir mixture is one that paints the concrete with a thin, 
uniform, glossy black filrn which becomes hard two hours after application. 

The surfacing used has the following composition expressed in per- 
centages: 

Bitumen soluble in carbon disulphide, 7}-10 

Aggregate: 



200sieve 8-13 per cent. 



aooweve 


14-26 


80 " 


17-29 


40 " 


5-11 


10 " 


15-25 


4 " 


3-10 




100 



The asphaltic cement used has a penetration of from 70 to 90 degrees. 
District of Columbia standard, and passes the usual requirements for 

solubility, volatility and ductility. The heating of asphalt, aggregates 
and dust and mixing and laying follow the usual practice. 

Prior to the laying of the surfacing, the testing laboratory makes grad- 
ing tests of such sand, limestone duet and rock screenings as will be avail- 
able for the work and selects such of these that give the desired mix. In 
this selection the foUowing points are considered important : 

Let a be taken as the percentage of asphaltic cement that will be used 
in the finished material. Then the dust passing the 200-mesh sieve should 
at least equal a-1. The fine sand passing the 80 mesh and retained on 
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the 200 Bhould be ^prozimatelv 2a. If the available eand u hi^ on the 
finer Bieves a may be taken ae nirii ae 9.5 per cent. If the sand u coaise, 
a mav be as low as 8 per cent for the trial mix. The coane aggregate pass- 
ing tne No. 2 sieve end retained on No. 10 should be from 28 to 35 per cent 
of the other mix. If these points are satisfied by the available material 
the weights of ooane aggregate, fine ajggregate, dust and asphaltic cement 
con be given to the road crew for a trial batch. Under field working con- 
ditions a trial batch wilt show if the mix is "wet" or "dry" and by a elight 
change in the percentage of asphaltic cement a mixture can be made tttat 
will rake and roll property. In this way the mineral aggregate is not 
changed but kept under known satisfactory grading. As the work pro- 



ceeds, grading teats should be run at frequent intervals on the different 
mineral aggr^atee to insure a unifonn grading in the finished pavement. 
Analysis of samples of the different batches should also be made to check 



the uniformity of the mix. 

The surface after thorough rolling should have a specific gravity in 
excess of 2.30 if the sands and crushed rock screenings are of average spe- 
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Brick pavements hsve been used on the streets of American 
cities for many years and the United States Bureau of the Census 
repOTtothatin 1909they formed nearly24 per centof the entire mile- 
age of paved etreet« in 158 citiea. Some of the early brick pave- 
menta gave satisfactory service for many years, but others did 
not. The unsatisfactory early experience was due in part to 
the use of imsuitable matefials, in part to the improper recon- 
struction of pavements cut to permit laying pipes, and in ;>art 
to the defective methods of construction employed, just as was 
the experience with other typee of block pavements. It is not 
possible to build lasting block pavements unices the blocks are 
prevented frcon settling, which results in holes in the surface, 
or from tilting; over on tjieir bottom side, called "turtUng," 
which results m a rounding of the upper edges of the blocks, 
called "cobbling," These defects led to better methods of 
construction, so that when bricks came into use on country 
highways success was assured if municipal experience was taken 
as a guide. There are always communities as well as persons 
unwilhng to profit by the experience of others, however, and ctm- 
sequently some bridt roads have been built of poor materials 
and by poor methods with the inevitable unsatisfactory results. 
Sudi unfortunate experience was unnecessary then and is un- 
necessary today; it was largely due to ignorance of the require- 
ments for good work, careleeaness, lack of proper supervision, 
and a desire to cheapen the cost of such roads bdow the amount 
needed for proper construction. 

Paving Brides 

Paving bricks are made from a great variety of shales and fire 
clays and consequently bricks of equal worth vary considerably 
in appearance. Shale contains iron which makes shale briclm 
red woen burned undco* normal oxidiziDg conditions and brown 

' ReriMd b7 William W. Mur, chief st&te highw&yendneer of Illinois; 
A. H. Hiakl«, deputy liighway comnuBBioner of Oliio; P. M. Tebba, engi- 
n«ar of oonstnietion of the FenuBylvtmia State Highway Department; 
Will P. Blair, seoretK^ of the National AoBociation of Paving Brick Manu- 
tactoren: and W. C. Pwkina, chief engineer^ R. T. Stull, ceramic ei^- 
B«er, and F. A. Churobill, of the Dunn Wire-Cut Lug Brick Company. 
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or nearly black when burned under reducing conditions. Fire 
days have leas iron th&n shales, the iron being present in a com- 
bined state, and bricks made from them are buff-colored, unless 
redudng conditions during burning darken them. The shales 
and fire clays are often muuitcd for making paving bricks ae they 
occur, and then material from one stratum in a pit must be 
mixed with that from another stratum or that from one pit with 
that from another, and sometimes with sand or surface clay. 

Tte raw materials are crushed and ground dry in large revolv- 
ing pans under heavy rolls, called "muUers." This material is 
screened to remove pieces of too large size, and is then conveyed 
to a pug mill, in which the matenals are mixed somewhat as 
concrete is mixed in a continuous concrete mixer. Here enough 
water is added to convert the material into a thick mud, which 
is beaten by the revolving blades into & condition of uniform 
consistency and composition. This mud is fed continuously 
into a brick machine, where it is forced by an auger throu^ a 
die, whence it emerges as a fairly hard bar of rectangular section, 
which is cut mechanically into bricks. This bar of hard clay may 
be approximately 4 by 4^ inches in section, in which case it is 
cut about every 9 inches, forming "end-cut" bricks, or it may be 
approximately 9 by 4^ inches in section and cut every 4 indies, 
forming "side-cut" bricks. These bricks are sometimes sub- 
mitted to a reshaping process before drying, in whidi case they 
are called "re-pr^sed" bricks, and sometimes they are dried as 
tJiey are finished by the brick machine, in which case they are 
called "wire-cut" bricks. For drying, the bricks are placed on 
cars which are run very slowly through a long, tunnel-like heater, 
into which hot dry air is admitted continuously. After remain- 
ing on t^ cars in the tunnel about twenty-four hours their 
weight is reduced from IS to 20 per cent. The bricks are then 
ready for burning, one of the most important steps in the manu- 
facturing process. The bricks are stacked in kilns in such a 
way that ^e heated air circulates freely oroimd them, and great 
care must be taken in the regulation of the temperature through- 
out the entire burning process, from the time the kiln is &Bt 
warmed until it is cool enough to permit t^ withdrawal of the 
bricks. 

In laying paving bricks a space is left between successive rows 
for the material which forms the joints, and as it is very desir- 
able for these joints to be of a uniform width, one side of a paving 
brick has either two or four lugs, which are small projections 
from the surface of the bricks.' These projections serve to keep 

■ There tn some brioks which do not hkve lug* but haT« raiaed lettwa 
or four pro]eetioDi, one near each ooraer, on one fAce. Biaoed letters an 
not permitted on brioke for Ohio State loada. 
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the adjacent faces tbe proper distance apart when the bricke are 
forced into contact during the paving operations. These pro- 
jections extend i to 1 inch from the side or face. In one class of 
edde-Gut bricks the cutting is done by wires which are moved 
across the bar of clay so as to produce ihe luf^ needed on one side 
of the brick. These are called "wire-cut lug" bricks. In an- 
other type of side-cut bricks, 2^, 3 and 4 inches deep, the ribs 
are moulded on one of the sides as it comes through me die. A 
wire-cut side is placed on top in laying such bricks, which are 
called "vertical fiber" bricks in some parts of the country. Otlwr 
types of projections are made by devices attached to the britdc 
machine. In the case of repressed bricks, the projections from 
one or both sides are made in the press. 

There is no universal standard size for bricks but the tendency 
seems to be toward 3^ inches width, 4 inches depth and 8} inches 
length, with a permissible variation of ^ inch either way in the 
width and depth and ^ inch either way m length. The depi^ is 
occasionally reduced as much as an inch for roads having l^t 
traffic, when the monohthic and cement-sand cushion types of 
cfmstruction, explained later, are used. 

- "Hillside" bricks are made for use on grades of 5 per cent or 
more. They have one or more grooves cut the full length of the 
bricks, along their edges, in the case of bricks to be laid in the 
usual manner, or two grooves cut transversely in the case of bricks 
to be laid parallel with the curb. Theee grooves are about j inch 
deep and are intended to prevent shpping of horses or automo- 
biles. hrickB with beveled edges are used for grades, notably on 
the carriage ramps of the Pennsylvania Terminal in New York, 
where the travel is very heavy, and quite generally on grades ex- 
ceeding 5 per cent, throughout Ohio. 

Tests qf Bricks 

The color of the interior of bricks from the same plant gives 
an indication of their qu&hty, for generally the color is darker 
in the bricks burned wiUi the higher temperatures. The color of 
the exterior of the bricks is a less rehable indication of quality, 
and even interior color is of httle or no value in judging the bncks 
from different plants. The other features of bricks which can 
be determined by visual inspection are explained in the follow- 
ing description of the bricks which may he rejected under the 
standard specifications of the American Society for Testu^ 
Materials; 
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All bricks which ara brok«n in two or chipped in such a mannar that 
itBither wearing Borfaee remaina aubatantially intMt, or that the lower or 
bearing lurfoce is reduced in area by more than one-Sftb.' 

All briclci which are cracked in such a degree as to produce defects aueh 
as are defined in (the previous paragraph) either from shocks reeeiTod in 
shipment and handling, or from defectiTe oonditions of manufaoture, 
especially in drying, burning or cooling, unless such cracks are plainlv 
superfieial and not such as to perceptibly weaken the resistance of the briok 
to its condition of use. 

All brieks which are so off-oiie, or so misshapen, bent, twisted or kiln- 
marked, tiiat they will not form a proper surface as defined by the pavini 
Secifications, or align with other bricks without making joints other than 
ose mrmitted in the paving sperifioations. 

All oricks whioh are obviously soft' and too pooriy vitrified to endure 
street wear. 

Formerly a number of different laboratory testa of the properties 
of paving bricks were required by apet^cationa, but today reli- 
ance is placed mainly on the rattler i«Bt to detenuice their qu^ 
ity. Its name is d^ved from the use of a foimdry rattler, em- 
ployed in cleaning iron casting, in maloDg the first tests of this 
land on bricks. The rattler used today is constructed specially 
for the purpose. It is an iron and steel barrel of the croes-section 
of a 14-8ided polygon, about 20 inches long and 28 inches in diam- 
eter, inside drnmuions, with a shaft projectdng from each end. 
TioB barrel is mounted in a frame with the shafts horisontal and 
can be revolved by power. 

Ten dry bricks are weighed and placed within the rattler, 
together with an abrasive charge consisting of 10 caat4ron si^rea 
woghing from 7 to 7} poimds each and a sufficient number of 
oaat-iron spheres from 1} to 1) inches in diameter and weighing 
from 0.75 to 0.95 pound each, to make a total charge of 300 
pounds. The rattler is then revolved ISOU times at the rate of 
29^ revolutions per minute. In this way the bricks are sub- 
jected to innumerable blows which are consid^ed to imitate the 
conditions of service more nearly than any other test yet de- 

*Mr. Tebba makes this ownment: "The areaofastandard brick isabout 
80 sqaare inches and I oossidca' about one-fifth or square inches a vary 
large allowanoe. I think that a reduction of not more than one-tesith of 
the area should be permitted." This comment is not approved by Mr. 
Blair on the grounds that experience has shown no ill effects from we rule 
of the Bociety, and to limit the reduction of area to 10 per eent. would in- 
crease materially the cost of the bricks. 

* Mr. Tebbs advises adding the words, "not uniformly vitrified, badly 
laminated." The phrasing ol the standard Specifications was debated at 
great length before adoption, and uniform vitrification was not adopted 
as a requirement because no briok is uniformly vitrified, strictly speak- 
ing. The words "badly laminated" are sometmiea used, but ODJeotion 
has been raised to them as not oonvevin^ to the inspector the meaning of 
the engineer, which is to reject bricks ha viDg laminations that are separate 
one from the other, sometimes called "open" laminations. 
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yiaoA. When the test ia fiiiiahed, the bricks are taken out, all 
IHecee of them weighing lees than 1 pound are discarded, and the 
ronainder are wo^ed. The loss in weight during the teet, 
npnssed aa a percentage of the original weight, is the form in 
which the results are stated. 

The percentage of permissible loss in the rattler test is fixed 
at different amounts in order to meet the conditions imposed by 
differences in travel and the experience of different localitiefl with 
bricks of various grades. The American Sodety for Testing 
Materials gives the following ecalee of nutTiTniim penaissible 
losses for different classefi of travel: 
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The New York and Pennsylvania State highway departments' 
BpecificationB call for the medium-travel grade and Ohio and 
Dlinois for the heavy-travel grade. In Illinois the wire-out 
lug bricks are given 1 per cent higher permissible loss than the 
repressed bricks, which must conform to the tabulated require- 
ments. In that State there is a minitrn iTn permissible loss spec- 
ified, 17 per cent for wire-cut and 16 per cent for reprecned bricks. 
Hie average permissible minriTnum loss may reach 25 per cent 
for wire-cut lug bricks if no individual brick loses more than 
2S or less than 20 per cent, and may reach 27 per cent if the 
range of loss of every individual brick is between 29 and 23 per 
cent. With repressed bricks, the average loss may reach 24 
per cent, with a range of 27 to 19 per cent for every individual 
brick, and 26 per cent with a range of 28 to 22 per cent. These 
requirements put a premium on uniformitjr in the bricks, which 
many engineers regard as of importance m preventii^ unequal 
wear of the surface of a Inick road. They hold that where soft 
and hard bricks are laid together indiscroninately, some of the 
bricks are worn away more rapidly than where a pavement is 
laid with bricks of a more uniform quality. 

In New York and Ohio 30 bricks form a lot for sampling. 
Tlteae represent the hard, medium and light-burned briclm de- 
livered on the job, and ea«h grade is tested separately. During 
testing there is a large percentage of failures in the abrasion test, 
rartially caused by the selection of light and hard-burned bri<^ 
Tlie laboratory results obtained on such bricks serve as a guide 
in throwing out or culling part of the bricks on the job. 
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Some yeare ago the cruahing Btrength and specific gravity of 
paving brickfl were considered properties which should be speci- 
fied, but experience has shown that it is unnecessai^' to do so. 
The specific gravity of fire-clay bricks averages between 2.1 and 
2.25 and that of shale bricks between 2.2 and 2.4. The crushii^ 
strength of good paving bricks ranges from 10,000 to 20,000 
pounds per square inch, when the t^ load is applied over the 
entire top surface of the specimens, and may be liigher if only a 
part of the surface is loaded. This is from five to ten times the 
probable maximum load on a pavement. 

The capacity of a brick to absorb water wag formerly consid- 
ered Ein important indication of its porosity, and low porosity 
was held to be essential for strength and good sanitary proper- 
ties, which were then considered as particular advantages of 
brick pavements. With the improvements that have been made 
in the rattler test and the increased knowledge of the slight in- 
fluence of a wide range in porosity upon the sanitary value of 
such pavements, the absorption teat has lost much of its former 
favor among roadbuilders. It affords useful information in 
comparing bricks made under identical conditions and for other 
research work, and it is still required by a few State highway 
departments. In Ohio, the bricks taken from a rattler after 
testing in that apparatus must not absorb more than 3) per cent 
of their weight of water during immerdoD for forty-eight hours. 
In Pennsylvania, the absorption of thoroughly dried bricks im- 
mersed in water for twenty-four hours must not exceed 3i per 
cent. 

Another test, formerly used extensively, probably because the 
apparatus for making it was available in many schools and easily 
obtained, is the transverse or cross-breaking test. It is now 
little used outside of New York and New Jersey. In the former 
State the test required by the highway department is to place 
the sample brick on edge on two parallel supports 6 inches apart 
and load it at the center until it breaks. If the distance in 
inches between the supports is represented by L, the load in 
pounds which produces rupture by W, and the width and depth 
m inches of the brick by 6 and d respectively, the modulus of 
rupture will be ZWL/^tP, which must not be leas than 2000 
pounds in bricks for New York state work. 

Curbs 

Curbs are required along the sides and ends of brick pave- 
ments laid on a sand cushion or laid on natural soil and having 
sand-filled joints, in order to hold the bricks at those places and 
also, with some types of base, to hold the material of the base in 
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place. Flanks have been naed, but their ehort Ufe compared with 
that of the pavement makes them undesirable, for nobody ean 
foretell whether they will be renewed aa they wear out. In 
some places stone slabs can be obtained for the purpose at prices 
which enable them to be used economically. Vitrified curbs are 
sometimes used, but require more carefi^ bedding than stone 
curbs, because their shorter length and lighter weight render 
them more subject to displacement. Concrete is most gener- 
ally used for curbs. In country highway work the top of the 
curb is usually flush with the surface of the pavement. If a con- 
crete base is used, the curb is usually an integral part of it, and 
is generally from 6 to 8 inches wide on top. If a concrete base 
is not used, the depth of the ciu'b must be governed mainly by 
the character of the subgrade, the frost hazard and the character 
of the shoulders. In any case it is desirable to have the top 2 
inches of the concrete curb not leaner than a 1:2:3 mixture, 
finished with a wooden fioat, and the outer surface should be 
spaded. This spading is done by placing a spade in the form 
agidnst the out^ plank and roclong it back and forth so as to 
force the coarse a^^egate of the fresh concrete away from t^ 
face. 

Where the bricks are bedded on mortar or green concrete, 
most engineers beheve that curbs are not needed.' If they are 
(Hnitted special care must be given to providing firm shoulders 
along the marginal bricks. 

Tho Baw 

A brick pavement requires an absolutely firm unyielding sup- 
port. An old macadam road thoroughly underdrained and se- 
cure against settlement or upheaval ,is considered a satisfactory 
support by some engineers. But it is rarely posHble to find such 
a road, for usually Uie dramage is defective, the cross-section has 
too much crown, or the grades are wrong. It is then necessary 
to disturb the hard crust of the road and this is very likely to 
reduce materially ite value as a foundation. In some parts of 
Florida, where frost is not to be feared, if the sand which pre- 
vails is held in place by curbs or planba and thoroughly rolled 
while damp, it makes a hard, unyielding support not subject to 
disturbance if good drainage is assured. On the other hand, the 
black soil of t£e prairie States, which absorbs water freely and 

*Mr. Marr states: "Experience in Illinois demonstratee beyond ques- 
tion that curbs are not needed under such conditions. We have bad ser- 
eraJ instances where the edges of the bricks were exposed at intersections 
to a grinding action of wheels striking them at acute angles, and there 
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parte with it slowly, is an unstable material and a strong con- 
crete foimdation must be provided for brick ro&ds built over it, 
so that any differences in the supporting capacity of the subgrade, 
from one BeaBon to another or between adjoining places in the 
road, are equalixed by the concrete slab and do not cause waves 
in the laidt surface. 

Tike methods of constructing i^ road bed and preparing the 
BUbgrade are eirplained in the chapter on earth roads. It is 
necessary to have a uniformly firm Bubgrade, and if there are 
heavy cute and fills the grading must be done carefully. It is 
desirable to allow the subgrade to go through one winter before 
putting down the pavement, although this is rarely practic^le 
under the usual working conditions, lite drainage is particularly 
important, on account of the difficulty of improving it, if defec- 
tive, after the pavement is laid. 

If the Bubgrade is firm and well drained, a 6 to 8-inch base of 
good ^vel, brokra stone, vitrified claj^ or slag, thoroughly 
consohdated by roUing, may prove sufficient for moderate trt^c. 
Such ft base should be built in two courses with all the care given 
to the best macadam construction. In some cases, second qual- 
ity paving bricks have been used for a base. The subgrade is 
covered with enough sand to give a depth of 2 inches after roll- 
ing with a hand roller. "Hie No. 2 bricks are laid fiat on this 
cushion, ;>arallel with tiie curb, and the joints are filled with fine 
sand. 

The beet base for general use is concrete. A few years ago 
there was a general opinion that it should be (i inches thick, but 
44nch bases on well-built Bubgrades are givii^ satisfaction idiere 
frost action is not serious, and a thickness of only 3 inches or less 
is under consideration by some engineers. If a secure Bul^ade 
is provided, the best thickness is in part determined by the coat 
of Uie concrete. A 1:3^ :K mixture with ordinary materials, 
laid to form a 5-inch base, may be leas expensive than a 1 : 2^ : 5 
mixture of better materi^ laid to form a 4-inch base. If eravel 
is used as the aggre^te, it is generally economical to screen it and 
then recombine it, if good concrete is desired. If good concrete 
is not deidred, it will be better to leave out the cement entirely 
and use the money thus saved in putting down a good base of the 



from the use of theeo materiola that I think it well to omit referring to 
them here and hence not encourage their lue tin more thu neoeaaar;." 
Mi. Blair believea that the long experience with grarel foundations in 
pUcea like South Bend, Ind., wamnta their use. 
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macsd&m type.' Tba thinner the baae, the better the ccmcrete 
should be. A 44nch base of poorly graded, dirty aggregate tcad 
a pinch of cement ia an invitation to early failure. One conimon 
defect ia insufficient mixing. This should be done in a batch 
mixer which should be run between 15 and 20 revoluticms per 
minute, and after all the materials are in the mixer, the process 
should be continued until the mixer has made at least 15 revo- 
lutions. The surface of the concrete should be struck off by 
means of a transverse templet, drawn along the side forms, and 
be kept well wet for at least three* days. No traffic should be 
permitted on the base for at least seven days after it is laid. On 
the Illinois state highways, if there are deviations exceeding } 
inch from the desired shape of the surface, they must be nm^tia 
if a sand-cement cushion, described later, is to be employed. 

The Cushion or Beddijig qf the Brickg 

One of the causes which contributed to limit the serviceabilitv 
of some early brick pavements was the imperfect way in whicn 
the bricks were siu)ported on the base. The latter was covered 
with loose sand of inferior quality for its purpose, smoothed off 
roughly without being consohdated, and the bricks laid on it and 
driven to a bearing with a paver's tamper. The joints were 
then filled with sand and the roadway thrown open to travel. 
The surface was not smooth at the outset, traffic on it soon forced 
some bricks down more than others, and water percolating in 
oold weather through the joints into tiie sand cushion alternately 
froze and thawed, throwing the bricks into irregular positions. 
Under such conditions the edges of the bricks became chipped, 
and finally many of the bricks became broken and dislodged, 
leaving holes in the roadway. The lesson of this experience was 
BO clear that for a number of years the importance of bedding 
the brick securely has been generally recognised. Today there 
are three methods of doing this, termed the sand cushion, sand- 
cement or dry mortar bed and monoUtbic or green concrete bed 
^rpes. The purpose of each is to support the bricks securely at 
the proper elevation to give ike pavement a smooth surface. 

Sand-Cushion Type, — A sand cushion is primarily intended to 
smooth out the inequalities in the top of the base, which were 
formerly greater thaii ^ood practice now permits, to provide for 
the sli^t variationB m the depth of the bricks. Experience 

> Mr. T«bba advisos the use of oonorete exclusively aa a baoe for brick 
pavements. Mr. Blair holds that esperieace at ClevelAud, Terre Haute 
aud other places shows tiiat under proper conditions a base of other ma- 
terial will proye satisfactory. 

* Mr. Hinkle advocates at least fire d^i. 
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ehowB that the sand must be free from large stones, which pre- 
vent Batisfactory consohdation of His cushion, and some engn 
neers hold that it must also be free from loam, clay and materi^ 
of a greasy nature when wet.' Granulated slag is sometimes 
used instead of natural sand and ia believed by some engineare to 
be superior to ordinary Band. Dry sand must be used, accord- 
ing to Bome engineers, on the ground that wet sand Bhrinks in 
drying and cannot be relied upon to Bupport the ^icks at the 
desired elevation. Other engineerB beheve that somewhat damp 
sand is more easily handled and gives as good results. The 
thickness of this bed in the case of city streets has usually been 
2 inches of late, but where a concrete base is used for a country 
highway and is finished so that no part deviates more than i 
inch from the true surface, a thickness of 1} inches isenou^ 
On narrow roads where the concrete base is easi^ finished to uie 
exact croBB-section of the road, 1 inch is probably oiough.* 

The dry sand is cast over the base to a slightly greats depth 
than the proposed thickness of the cushion. The extra deptii is 
usually about } inch where a 2-indi cuahion is desired. A plank 
templet, which is often provided with a steel edge, is then drawn 
over it to smooth it down to the prescribed cross-section. If the 
roadway is less than about 25 feet wide, this templet is supported 
at tlie ends by the curbs. If the roadway is wider than 25 feet, 
the templet ia long enough to reach from one curb to a longitu- 
dinal plank support at the center of the road. The sand is con- 
solidated and brought down to grade by rolling it by huid, using 
a roller wei^iing 300 to 400 poundB. After rolling the surface 
is tested wi& the templet, the high spots reduced and the low 
places filled, and the rolling repeated. This process is repeated 
until a uniform surface at the desired elevation is obtained. The 
extra elevation of the templet in the first stage of the work is 

*Mr. T«bbs makes the followiiut commenta: "PeottaylvaniaBpecifioa- 
tions ailow IS per cent of loam audi advocate the use ol a sand eont^- 
ing loam, because it helps to bind it, thereby avoiding the shifting about 
whioh often occurs with olean dry sand. It has been proved that Sy sand 
occupies less space than wet sand. Dry sand cannot atwavs be obtained 
without considerable expense, and 1 therefore think it advisable to um 
reasonably dry sand without requiring that it be dried, and as thin a 
cushion as it is practicable to use. The cushion should be 1 inch or less. 
This decrease in the depth of the cushion miaimiEes the shrinkage due to 
the drying of sand which was moist when placed." 

' Mr. Man- states: "It has been well demonstrated that the thinner 
the sand cushion between the rigid base and the brick wearing surface, 
the better, and its only function is to assure a smooth surface on the pav^- 
ment. The use of the plain sand cushion is growing less every year and 
•eems to have its greatest advantage in street pavmg where numerous 
subsequent openings may be expected and it is necessary to use a soft 
filler." 
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obtained by laying stripa c^ wood of the requisite thickness on 
top of the curbs or other supports of the templet. 

If a road carries only light vehicles, a well consolidated sand 
cushion is a satisfactory support for the bricks. Heavy vehicles, 
whether drawn by horses or self-propelled, are believed tojar the 
road although d^nite tests with a seismograph or a simUar in- 
strument are needed to determine the correctness of this opinion. 
It is certain, however, that if the roadway contains a railway 
track the whole structure will be jarred by the cars Ifaveling along 
it. The sand cushion is not considered by many engineers to 
be a satisfactory support for bricks likely to be jarred, on account 
of the possibility that the repeated minute vibrations in it may 
cause parts of it to shift their position. This apprehension has 
led to the use of the sand-cement bed. 

Sand~ee77ient Cuahitm Type. — The cushion consists of a dry 
mixture of one part of cement with three to five parts of mortar 
sand. These materials must be thoroughly mued dry. If tbe 
cudiion is to be 1 inch thick, as in Pennsylvania state work, the 
mixture contains less cement than if it is to be { inch thick as 
in the Illinois State work. The loose material is given about } 
inch greater depth than the desired thiclaieBB of the finished bed. 
The mortar is spread and sliaped like a sand cushion. In Illi- 
nois, where the sand-cement bed has been used extensively, the 
shaping of the bed for the brick is considered of prime importance 
and the State highway department requires the contractor to 
employ skilled men for this part of the work. 

There is a difference of opinion as to the best method of moist- 
ening the sand-cement bed to convert it into mortar. Some 
engineers hold that the bricks should be laid on the dry bed and 
rolled, and then the pavement should be sprinkled sufficiently 
to allow water to pass down the joints into the bed. Thu 
wetting down should be done as soon as the bricks have been 
rolled. Tb& Pennsylvania highway department requires the 
mortar bed to be sprinkled lightly just b^ore the bricks are laid. 
In any case, the mortar bed should not be laid so far in advance 
that any of it will remain exposed over night, and if any of it be- 
comes wet and the cement sets it must be replaced by dry ntateriaL 

MonoUihic Type.' — ^The monolithic or green concrete bed is not 
actually a cushion, for the bricks are laid on the fresh concrete 
base as soon as it has been finished. In this type of work steel 
side forms for the base are generally specified and curbs are 

' A monolithic brick pavement wu laid about 1901 in Terre Haute, Ind., 
on the Teoommendation of Street Comraiasioner Varrelman of 8t. Louia. 
It was on a railroad teaminx yard and a orirate street to the warehouse of 
Hullmann & Companj. Thia is probably one of the earliest uses of the 
tjrpe in this count^. 
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omitted. The steel f otidb are cooBidered aecesBuy as supporta for 
the heavy steel templet which is used. 

The concrete is placed in BucceasiTe batches for the eotire 
vidth of the pavement in a continuous operation. This concrete 
as placed has a slightly greater depth than the finished thickneaa 
of the base, and the wonanen are guided in placing it by a ligbt 
wood templet which rests on the side forma when in use. When 
it has been brought to a smooth surface of the desired ahape, it 
is finished with a steel templet. This conaiata of a 0-inch steel 
I-beam in front and a 6-inch ateel channel at the rear, held 2 
feet apart by a metal frame at each end. Each frame has two 
rollers 3 feet or more apart. These rollers rest on the side forms 
and permit the templet to be moved ahead easily and without 
jerks. Both beams are bent to the desired crown of the pave- 
ment. The lower flange of the I-beam is } to ^ mch lower than 
that of the channel. The apace between the two beams is kept 
filled with dry 1 : 3 mortar, uioroughly mixed. As the templet is 
moved along, ttie I-beam shapes the fresh concrete accurately, 
and the channel leaves a thin, compacted bed of mortar on ita 
surface, bo that the bricks have a support which is true to grade 
in every resi)ect. Experience shows that particular care must be 
taken in this type of construction to use concrete which will not 
flow but will quake. If it flows it will not support the bricks 
and if it does not quake it will be deficient in strength. The 
bricldaying should follow closely behind the templet before tJie 
concrete takes ita initial set, and the workmen are required to 
move with special care over the biicka just laid. Some engineers 
require boards to be laid for the workmen to walk and atimd on. 

Ddwerwg and Laying Bricka 

In case the bricks are not tested at the plant, each carload 
must be sampled as it is delivered and the lot should not be 
allowed on the road until the samples have been tested and ap- 
proved. If this is not done, imperfect bricks are Ukely to find 
their way into the road, and the work of roadside inspection ia 
made needlessly expensive and prolonged.' 

■ Mr. Hinkle calla attention to the fotlowiDg p&rMnplu in the a[>eci- 
Goations of the Ohio 8t&te highw&y department: "11 sU the bricks in a 
shipment or in Mveral shipmentfl of the same make and kind of brioka 
qipear to be uniform in quality two samples of 12 each may suffice, if 
in a shipment there appears to be different olassea of bricks, such as brioki 
that appear to be more or lees burned than others, a representative tot 
of 12 bricks is to be seouied for each class of bricks, escluaive of the culls. 
"Hie approximate number of each class sampled should be given on the 
notification card aecompanyinK the samples. Unless otherwise (wdered 
by the Engineer, at least one lot of samples should be taken for eveTjr 
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Bricks are Hable to oonfflderable injury if handled roughly, 
And to prevent such injury to them after their acceptance by 
test many engineerB specify the manner in which they shall be 
handled. The requirements of the lUinois highway department 
are as follows: 

Before the fine gr&ding ia finished, the bricks shall be hauled and neatlv 
piled without the edging line in sufficient quftntitiea to complete the brick 
sofface. ClamiM and conreyors may be used in connection with the 
work but the brisks shall not be dumped from industriat cars or vehicles, 
nor shall they be thrown to piles or to industrial oars or to vehioles. The 
brisks Aall not be piled in any place where the^ will be tikeljr to be be- 
splattered or covered with mud or otherwise injured. In delivering tiie 
brioka from the piles for placement in the pavement, no wheeling in bar- 
rows will be allowed OB the brick surface, but they ahall be carried on 
pallets. Thflv shall be placed upon the pallets so that when delivered to 
the dropper tney will lie in such order that each brick in the regular oper- 
ation oi placing it upon the foundation as prepared, will bring the lugs in 
the same direction with the best side uppermost. 

Tbe bricks are laid with the best side up imd the projections 
for spacing all in the same directioa; in highway work ui^ are 
laid m rows or courses at right angles to the curb. Alternate 
rows commence with a half brick at the curb and the joints in a 
row must be at least 3 inches from those in the row last laid. 
When the row reaches Ihe curb towards which it is laid it must be 
completed with a bat at least 3 inches long. Tba fractured end 
of a broken brick must be toward the center of the road. Brick 
lajrers generally carry three or four rows across the roadway 
sintultaoeously, as tms enables them to save considerable walk- 
ing. The bricks are laid &om the brickfi already in place, and 
no walking is permitted on the cushion or dry mortar bed. In 
order to l^p the cross joints of uniform width, after about six 
or eight rows have been laid, a 4 x 4-inch timtwr 3 feet long is 
moved along the face of the last row and tapped lightly wiw a 



r the bricks are laid the sorfaoe is swept clean and inspected. 
The soft bricks are replaced by good ones; they are detected by 

100,000 bricks, care being taken to secure briofcs from different parts of 
the ears or piles so that the samples submitted will be representative of 
the brioks to be used. If at any time a shipment of bricks is received in 
which the quality of the brioks does not appear equal to that of the sam- 
ples previously submitted, additional samples should be immediately 
sent to the testing laboratory. A suffioient number of samples in everf 



will permit 6t proper control of the quality of bricks used." 
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dampenii^ the surface of the road for Quey abeorb moisture 
more quiddy than the others. Bricks which are badly brokeo, 
spawled or misshaped are turned over or replaced by good ones, 
but slight chipping of the comera is not consideTed seriouB.* 
The surface is ihen rolled, for which purpose a tandem self-pro- 
pelled roller weighing 2} to 4 tons is employed where a sand 
coshion is used and a hfuid roller about 2) feet long ^id 2} feet 
in diameter, weighing about 600 poimds, is preferred for mono- 
lithic pavements. The rolling should b^in at one side of the 
road and proceed back and forth on lines slightly inclined toward 
the center of the roadway. When the center is reached the roller 
should be used on the other side of the road in the same way. 
Farts of the pavement which cannot be reached by the roller 
are rammed with a paver's tamper weighing about 60 pounds, 
the blows being struck on a 2-inch plank 10 to 12 inches wide 
and at least 6 feet long. 

After the rolling, the pavement is agtdn inspected and any 
bricks which have been broken or seriously injured are replaced. 
The joints are examined, and if the sand-cushion has been forced 
up into them more than } inch in the sand-cushion type, the 
bricks are lifted out, the cushion reshaped, and the bricks relaid. 
This inspection of the joints is only necessary where a sand cushion^ 
IB used. 

'' Mr. Hinkle eonaideTB that it is very dealrable for all defective bricka 
to be culled out before the brieka are laid in the pavement. Thia will not 
only save the expense of replacing the defective bricks with good ones, 
but will avoid disturbing the cushion. This ia more important with tht 
monolithic than with other types of pavement. 
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FiUing JoinU 

Jointa betweem the bricks are Med Tritli aand, cement grout 
or bitummous material. Sand is objectionable because it gives 
very little support to the bricks, allows their edges to bemme 
chipped, and permits water to percolate down into the cushion. 
It is no longer employed except for roads for light travel, where 
the saving in first cost is considered more important than the 
probability that maintenance expenses will become high at an 
early date. 

Oraut FiUerB. — The grout filler is strongly advocated by many 
en^eers on the groumd that it holds the bricks firmly and does 



Box «jK Mixixa Grotjt 

not wear away more rapidly than the vitrified clay. This claim 
rests upon the assumption that good grouting is done, for poor 
joints of this type are chipped out by horses' shoes and tiius al- 
low the edges of the bricks to become broken. If the grouting 
is properly done this will not happen.' It is extremely im- 

^Mr. MaiT states: "The cement-grouted iHtTement seems to be tli« 
most ntiafaotoiy for oountry highways, and this has led us in our studies 
in lUimois to attach great importance to the perfection of the grout filler. 
We have been working along the line that, tneoretioallv, the earth itself 
is the foundation for ^e pavement and is in itself wholly adequate, if it 
is thoroughly settled and properly drained. In other words, we hold that 
ordinaiy diy earth sustains any load which we place upon it while it is 
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portant, howevBr, with cement fiUer tbat a rigid foundation be 
secured. 

Grout for filling joints ahould be made of equal parta of cement 
and clean, eharp, eand mixed thoroughly while dry. As a gen- 
tnl rule, all of it ahould pass a No. 10 meve but not more than ^ 
per cent should pass a screen having 50 meshes to the inch. 
After the sand and cement are thoroughly mixed dry, water is 
added to bring the mass to a condition somewhat thinner than 
thin cream, so it will flow into the joints without any separation 
of its ingredients. The mixing is kept up contmuoualy, either 
in a am^ batch mixer or the box shown in the accompanying 
iUustaration. The tendency on extensive work is to use a batch 
mixer equipped so it can be used for applying the grout. If the 
box is used, about 2 cubic feet of the dry nuxture is made into 
mortar in each batch. The best grout is obtained when the 
water is added slowly. 

The surface of the pavement to be grouted is cleaned, wdl 
wet, and then covered with enough grout to about fill the 
joints. The grout is taken fivm the mixing box in scoops and 
after it is poured from them it ia swept into the joints, usually 
witii coarse rattan brooms. After a 50-foot section of road has 
had the joints filled in this manner, and before the grout first 
poured begins to set, a somewhat thicker grout is made and 
applied on the same surface. It is brushed into the joints with 
squeegees having rubber edges where they rest on the pavement. 
TTiis process of applying the relatively thick grout and brushing 
it into the joints with squeegees is continued until the joints are 
completely filled. It is very desirable to apply the grout, so far 
as possible, to the exact parts of the pavement where it is to fill 
the joints. If any great excess of grout is applied at one place in 
the pavement and swept to another place, the cement and sand 
are liable to become separated and defective grout will result. 
If the bricks have rounded edges, the squeegees should be pressed 

in this oondition, and that the real problem is to keep it in this condition 
by covering and waterproofing it with some material which will withstand 
the abrasive action of traffic. This, in turn, leads ua to believe that if wa 
use a thin base, such, for instance, as 2 inches of sand and cement mixed, 
or even 1 inch, or even, theoretically, i inch, the properly Krouted bricks 
will then withstand succesafuUy the action of any such traffic as we have 
at the present time. 

"The mortar bed has for its prime function the insurance of a perfect 
grout joint, by preventing eartn or other forei^ matter from working 
up into the bottom of the joints durinz construction. U has a secondary 
value in enabling us to obtain a smooUier wearing surface by facilitating 
the proper sradinK of the bed on which the bricks lie by the use of meohan> 
ical methods such as templets. We have built a e-mile stretch of brick 
road 9 feet wide, on a 1-inch mortar bed base, which 1 believe will demon- 
atrate the ooirectness of the theory we are now holding." 
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fiimly against diem on the last bruflbing so that no thm edges 
of grout 'wilt remain on the smface, for thery break away very 
soon and are liable to pull a part of the joint filler with them. 

To prevent the grout from flowing through the joints beyond 
the limits of the section where the filling is being done, Btrips of 
'ft inch steel 6 inches wide and 3 feet long are inserted in the 
last transreree joint, to act as a dam imtil after the initial set of 
the cement. 

After the surface has been inspected, it is the practice in Illi- 
noif to cover it with sand, whicl\ is kept wet for t^ days, and no 
travel is permitted on the road for three weeks after the grout 
has been pom'ed. In Ohio and Fenn^Ivania, the sand is kept 
damp for at least five and four days respectively, and travel is 
kept off for at least ten days. In New York travel is kept off 
for ten days, and the covering must be kept moist for that period. 
The National Association of Paving Brick Manufacturers ad- 
vises keeping the covering wet for four days and travel off the 
road for fift^n days. 

BiiumiTious FUJera. — ^Bituminous fillers vary greatly in qual- 
ity, and the experience with some of the materi^ tried has not 
been satisfactory. The filler should not become soft during hot 
weather nor brittle during cold weather, it should adhere to the 
bricks, and it should not be injured by water. A 1: 1 bituminous- 
sand mastic filler has recently been used considerably. Ob- 
viously climatic conditions should govern the selection of the 
materia] in some degree, for a filler suitable for the brick pave- 
ments of Florida might prove misatisfactory during a New 
England winter. 

The Ohio State requirements for asphalt fiJlers are as follows: 

Specific gravity, 0.98 to 1.04. 

Solubility in chemically pure carbon disulphide, at least 99^ 
percent. 

Matter soluble in 86°B. paraffin naphtha, 25 to 40 per cent. 

Limila for penetration 
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Melting point by cube method, 80°C. to 120°C. 
It shall be free from water and not foam when heated to 350°F. 
The Ohio State requirem^its for coal tar pitch fillers are as 
follows: 
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Specific gravity at 25'C., 1.23 to 1.3. 

f^ carbon on eictractioD with carbon disulphide, 20 to 40 
per cent. 

Inorganic matter on ignition, 0.5 per cent. 

Melting point by cube method, 57''C. to SS'C. 

It ahallbe free from water and not foam when heated to 300'P. 

These bituminous fillers are used hot and the bricks should 
therefore be dry when the joints are poured. If a sand-cement 
bed is used, the water for it must be applied through the joints 
if it ia added in that way, long enough before the jomta are filled 
to permit them to become dried out. 

The filler is melted in a kettle, from which it is usually drawn 
into funnel-shaped pourers terminating in a nozzle having an 
opening about ^ inch in diameter, with a valve by which the 
Sow through it can be regulated. This is held over the joint, 
with the nozzle projecting into it, and carried along slowly. The 
joints are somewhat oveifiUed by the pourer, on the theory that 
the early travel on the pavement will force some of the surplus 
material into the joint and make it more dense. After the joint 
is poured, some engineers have it dusted over with sand, and it 
is customary to keep traffic off the pavement imtil the filler has 
cooled. 

A mixture of tar and sand, called a "mastic filler," has been 
used to some extent. The hot tar and heated sand are mixed 
in equal volumes. A softer grade of tar is used in the mixture 
than that called for by the Ohio specification for a tar filler. 
This mastic filler is fiushed into the joints by pouring it onto the 
pavement and spreading it with a squeegee. 

It is particularly desirable to roll the bricks and fill the joints to 
within at least SO feet of the bricklaying work. If rain falls and 
the cushion becomes sattmited, it is imnossible to roll the bricks 
to a firm condition, for the wet sand allows them to rock and the 
cushion is forced up into the joints. By lifting out a brick here 
and there, the height of the sand in the joint can be seen and the 
character of the rolling judged from it. 

Expansion Joints 

In the early days of brick street pavements, the bricks at the 
crown of a street occasionally rose in summer as a result of the 
expansion of the pavement by heat. To remedy this, joints 
filled with some compresdble material were laid along one or 
both curbs, and some engineers used similar transverse expan- 
sion joints at interrals of 50 to 75 feet. The longitudinal joints 
have proved useful, but there is some question as to the value of 
the transverse joints in sti^et pavements. The objection to 
transTerse joints is that they are worn away rather rapidly and 
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this causes the travel to chip off the edges of the bricks separated 
by them. Whenever this chipping occurs to any extent, the 
pavement Boon develops a rut or hole. CrackH in a country 
road, if properly filled when they first open and kept filled after- 
ward, do not injure it appreciably, and it is generally consid- 
ered that transverse joints in a brick wearing surface, to prevent 
transverse cracks, are more likely to cause tl^ prevent trouble. 

Expansion joints are of two types, poured and prepared. The 
former are made by plaoing a board filler of the thickness of the 
joint against the curb and laying the bricks against it. The 
Maryland rule for the thickness of the joints is as follows: On 
streets 30 feet or more wide, 1} inches next each curb; on 20 to 
30-foot streets, 1 inch next eadi curb; oq 12 to 20-foot streets, } inch 
next each curb ; on streets under 12 feet, } inch next one curb. In 
Pennsylvania a ^-inch joint at each curb is specified. On the 
Illinois brick roads with a sand-cement base a f-inch joint alonj; 
one curb is used. The plank filler usually consists of two thin 
S-inch boards of a wedge-shape cross-section, dressed on both 
sides. One of them is laid ag^nst the curb with the thin edge on 
the base, and the other is placed against it with the thick edge 
downward. The combined thickness of the two is equal to the 
thickness of the jomt. Handles are attached to their upper 
edges, so they can be lifted out when the grout filler which has 
been poured has set. The filler for poured expansion joints should 
meet the requirements for the filler for other joints of this type. 
With the monohthio and sand-cement cushion types of pavement, 
the joints should be filled as far as the bricks are laid, each day. 

Prepaied fillers are now extensively used. They are strips 
of bituminous material or some kind of felt or fabric impr^- 
nated with bituminous materia]. They are placed against the 
curb and the bricks laid against them, thus doing away with the 
board fillers required with poiued joints and making it unneces- 
sary to provide heating kettles on pavements with grouted 
joints. 

Experience on the Pennsylvania State highways has shown 
that a prepared filler extendmg the full depth of the brick some- 
times permitted water to penetrate from the road surface into 
the cushion, where it froze and heaved the bricks. It is there- 
fore considered advisable on that work to have the prepared 
filler stop from j to 1 inch below the surface of the road and to 
fill the top of the joint with hot bituminous material. 

Where a cement-sand bed is used, a f inch prepared expansion 
joint extending through the entire pavement is recommended 
by some engineers; it is placed in two strips, the first or bottom 
strip being placed m the concrete base, and the second strip im- 
mediately above it when the bed and bricks are Iwd. 
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SmdU Cvbieal Brieka 

Bhort^ after enmll stone blocks were introduced in Europe for 
constructing pavements having the trade name of "Duraz," the 
county superintendent of Monroe County, N. Y., J. Y. McClintock, 
fflnployed cubes measuring 2 to 2^ inches on a side for resurfacing 
old macadam roads to resist motor trafSc. In 1916 he stated that 
. vitrified clay cubes had given better results than those of other 
materials. Those laid in 1916 were 2f inches in each dimension, 
weighed about 1 pound each, and were laid 226 to the square . 
yard. The only specification for the cubes is that they must not 
absorb more than 3 per cent, of their weight when immersed in 
water. They have been laid on a gravel base, broken Aax, broken 
stone and concrete, and the joints are filled with any local fine 
material. It is considered advisable to mai» the base several 
feet wider than the roadway, so that the gravel or broken stone 
shoulders adjacent to the cubes shall be supported rigidly and 
the tendency for the border cubes to become displaced will be 
minimized. 

Aepka-Brie 

During 1915 and 1916 attention was directed to the poasibilities 
of asphalt impregnated brick. The idea of impregnating brick with 
bituminous material is not new. In 1893 brick boiled in coal tar 
were laid in Portland, Ore., and remained in service 17 years. 
About 1907 nose brick boUed in asphalt were laid along the tracks 
of the Los Angeles Mectric Railway Corporation and 2600 simi- 
lar brick were laid along tracks in San Francisco about 1912. 
Brick boiled in bituminous material have also been laid in Nub- 
rille and Chattanooga. 

The method of treating brick which came into prominence in 
idI5 is designed to fill completely the pores in the brick. AM the 
porosity of different grades and makes varies considerably, the 
quantity of impr^nating material required will range from about 
6 to 15 per cent of the volume of the brick. Aa a result of th* 
treatment it is claimed that the brick become impervious to mois- 
ture, the bituminous jointing material adheres more firmly to the 
treated than to the untreated brick, and the wearing properties, 
aa indicated by the standard rattler test, are greatly improved. 
This last advantage is indicated in the accompanying tabulation 
of tests of untreated and treated "second" brick conducted by 
Robert W. Hunt & Company. Each test was made with fiva 
untreated and five treated brick, 225 pounds of small shot and 76 
pounds of large shot, the rattler tn^Inng igQO revolutions at the 
rate of 30 revolutions per minute. The increase in wear due to 
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impregaation will, it is stated, enable manufacturers to stop their 
bummg at a lower temperature than is now customary, thus 
materially reducing the number of poor brick in a kiln, and to 
obtain the necessary strength by impregnating the brick. It is 
also claimed that grades of brick unsuitable for pavements ma; 
be made into satisfactory pavera by impregnation. For example, 
impregnating clay building brick with 11.3 per cent of aephalt 
gave a product showing 9.3 per cent loss in the standard rattler 
test, although untreated brick showed 100 per cent loaa after 500 
revolutions. Shale building brick which uiowed 42.4 per cent- 
loss in the rattler test before they were treated, lost only 17 per 
oent after treatment. SEUid-lime brick which showed 100 per 
cent loss after 400 revolutions lost only 23 per cent after b^ng 
impr^nated with 10 per cent of asphalt. Impr^nating clay 
and shale building brick with 8) per cent of asphalt reduced the 
loss in the rattler test from 40.9 to 14.2 per cent. The impregna- 
tion of the brick also reduces their absorption of water to practi- 
cally nothing. 

llie asphalt-impr^inating process begins when the brick are 
removed from the loins or dryers. They are loaded on small 
cars which are run into a cylinder. There they are heated to 
about 300°F., which expands them, and a vacuum is produced 
in the cylinder to remove all moisture from the brick and leave 
their pores open. The cylinder is then filled with a special grade 
of asphalt at a temperature of 350''F. and tiie cylinder put undw 
heavy pressure tmtil the gauges show that impregnation is comr 
plete. The asphalt is drained off and pressure again applied 
until the brick have cooled. During cooling they contract some- 
what, causing the asphalt to become sealed in tiie pores. 
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A BRICK PAVEMENT ON A ONE-INCH CON- 
CRETE BASE' 

A brick pavement was laid in 1917 in Stockland township, 
Iroquois County, Illinois, on a one-inch concrete base. This 
pavement is 9 feet wide, and the contract is for about 6} miles, 
of which about 3 miles has been constructed. The contract 
price for this work is approximately S8700 a mile, of which about 
t300 is for bridges and culverts and about S450 for grading. 
The price for the slab alone is $1.50 per square yard. 

Tins pavement is being laid on an old gravel road for a foun- 
dation and, in order to secure the full benefit of this old material, 
the gradient of the new pavement varies but slightly from that 
of the present road. By not disturbing the old gravel, it has 
been possible to secure a very firm sub^ade and we have no doubt 
but ttie pavement will prove very satisfactory. The concrete 
base is composed of 1 part cement to 2) parts fine aggr^ate and 
4 parts coarse aggregate. The fine aggregate consists of sand 
all of which passes a ^inch mesh. The coarse a^regate con- 
siste of material which would be reteioed on a ^-inch mesh and 
passes a )-inch mesh. As a matter of fact, there is very Uttle 
of this material which will not pass a f inch mesh and it is the 
same type of gravel that is commonly used for roofing purposes. 

I have no doubt but this pavement would be practically as 
good as if the brick had been laid directly on the old gravel road, 
but in a construction of this kind, it is necessary to have some 
sort of a concrete base in order to secure a perfectly smooth and 
uniform surface on which to lay the bricks. 

The subgrade was thoroughly rolled and all soft places, of 
which there were very few, were removed and the sut^ade 
brought up to a true plane hy the addition of fresh material which 
was thoroughly compacted. Before concrete was placed, the 
subgrade was well wet; after the concrete was placed, it was 
struck off by means of a template and the bricks were laid di- 
rectly on the green concrete. 

Two brick setters were used on this job and by having a brick 
hammer on each side of the road, the setters not only sterted but 
finished &e course, as on a pavement of this width no bats, except 

' By Rodney I^ Bell, Diviiiou Engineer, Illinois State Hi^way D«- 
partment. 
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one half-sized Inick, are reQuired in startiiiig and finirfiing the 
courses. Bricks were carried on to the pavement in such a way 
that the good side of the bricks was always placed up and the 
lugs all in one direction. By requiring the brick cturiers to use 
some care, a large amount of the culling which ordinarily takes 
place on a brick road was eliminated. Just aa soon as the bricks 
were culled, the pavement was swept and the rolling started. 

One man did nothing but keep the roller moving the entire 
time. It was a small hand roller about 30 inohee in length and 
24 inches in diameter and when filled with water weighed about 
700 pounds. This weight was sufficient to secure a good surface 
over the entire length of the pavement. The first rolling was 
begun at the outer edgfi and the pavement was rolled paraUel to 
the center line of the pavement. After the entire surface had 
been covered in this way, the pavement was oross-rolled in oppo- 
site directions, the roller mftVing an angle of about 45 degrees 
with the center line of the pavement. 

In order to allow plenty of time to secure a thorough job of 
rolline, the grouting machine was kept about 100 feet behind the 
brick layer. The grout mixture consisted of one part cement and 
1 part of sand mixed in a machine desired for uiis purpose. It 
was the intention to practically fill the joints at the first appli- 
cation so that after the grout had had a chance to settle, it would 
leave from 1 to | inch to be filled with subsequent applications. 

The second application of the grout was mixed slightly thicker 
than the first, and was wheeled back over the pavement from the 
mixing machine r&ther than bother with moving the machine 
back over the pavement a second time. This application was 
worked into the joints by use of a squeegee and on the final going 
over, the squeegees were pulled at an angle of about 46 degrees 
with the jomta in order to secure a better surface and to keep 
the grout from being dragged out from between the brick. 

After the grout had set sufBciently, the pavement was covered 
with 1 inch of loose dirt, which was kept wet for one week. The 
pavement was opened to trafiSc after it had been down thret 
weeks. 

This work is beii^ paid for by a bond issue which has been 
voted by Stockland township, Iroquois County, and is under 
the general supervision of Benj. Jordan, county superintendent 
of h^waya of Iroquois County. 
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HIGHWAY BONDS' 

The matiiematioal theory of intoiest m applied to bood oal- 
culatioiis is explained in a Becta(ai at Bulletin 136 of the United 
States Department of Agriculture which has tables of much 
ralue to uoee making a detailed examinatioQ of the subject. 
For the UBual purposes of highway ofSdals, however, the much 
Bimpler tables which are printed herewith are not only sufficient 
in scope but also more eacaly used. 

The bonds used ahnost universally until a few years ago were 
of the sinking-fund type. Parties issuing them have to provide 
annually during the term of the bonds the stipulated mterest 
and, theoretically, set aside a sum at interest wMch will amount 
at the end of the term to the principal of the bonds. Tim an- 
nual sum set aside at interest is called the sinking fund, and the 
amount which must be raised for such a fund depends upon the 
interest it bears. This intoreet is usually quite low in oomparison 
with the interest paid on tiie bonds. 

Unfortunately the fint^n^Hf^l methods of public officials do not 
always remain above criticism and it often happens that the annual 
payment into Uie sinidng fund is forgotten or n^ected.* Some- 
times the monety accumulated in the sinking fimd is diverted 
from its purpose. Such departures from sound finance result in 
a lack of money to pay ofiF the bonds when they become due, as 
agreed, and it then becomes necessary to issue a new series of 
bonds to carry this indebtedness. Tlus is a serious matter when 
the improvements for which the bonds were issued have become of no 
further use, as in the possible case of a worn-out road surface, 
or obsolescent, as in the possible case of an overloaded bridge, 
when the taxpayers who contribute for the second bond issue are 
obliged topay for something tor which they receive Httle or no 
benefit. Inis is not equitable, and bo some states fix the term 
of bonds which may be issued to pay for oertiun classes of im* 

' Reriied hy B. K. CoKhlui, tsaoaikt« profeoior of highwkjr •npiiear- 
ins, Asricultural uid MecnsniMJ Colten ot Texu. 

■Baker, Watts ft Co., bsukera, of BaltimorB, m&ke the lollowing com- 
ment ; "We view it aa ft verj serioua matter to neglect the sinking fund, 
regardleaa of the chHracter of the improTement for which the bonds ue 
inued. We think thkt public officials cannot be too forcibly impreaaed 
with the absolute necessity of managing public funds strictly in accordance 
with the laws and ordinances autboriimg bond issues, aod any neaileat or 
diTersion of public ainking funda should be aummarily dealt with." 
180 
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provementfl. In New Jeraey, for example, ihB tain of bonds for 
gravel roads is limited to five years, waterboimd or bituminous 
macadam ten years, bituminous concrete fifteen years, 6-in(^ 
concrete twenty years, block pavements twenty years, sheet 
a^halt on a concrete base twenty yeare, and stone, concrete 
and iron bridges thirty years. The useful life of the improre- 
ment is what must be considered, and this is determined in some 
oases by obsolescence rather than depreciation, notably in the 
case of bridges. The attractiveness of bonds for road work 
would be enhanced in many cases if an equivalent of the fol- 
lowing statute, in force in Mississippi, were generally adopted: 

The public faighw&y or highways ho suireyed and adopted by such com- ' 
migsioners ahall be constructed and maintained out of the proceeds of 
■uch bonds; proceeds of such bonds to be used alone in their construction; 
and the board of superrisora shall levy an annu&l tax, on the recommen- 
dation of such oommissionera, on all the taxable property in such district 
or districts of not exceeding 1 mill on the dollar, wnich shall be used to 
supplement the general fund of the county in maintaining said road or 
roads and the culverts, bridges and levees thereon. 

The importance of maintenance of roads is so great that 
statutes authorizing bond issues for construction should require, 
as part of the stipulations under which the bonds Eire issued, an 
adequate financial provision for the upkeep of the roads during 
the term of the bonds. This insures a full statement of the 
financial obligations of the bond issue upon the taxpayers before 
thery vote on the issue. 

The investment of the sinking fund affords an indication of 
the financial ability of a community. In some sections of the 
country, the inveetsnent is intrusted to special boards of sinking 
fund commissioners, and appointment to such a board is re- 

red as a hig^ honor, so that the positions are filled by men of 
highest business standing. Di sach cases the community 
not only feels confident of its financial stability but its bond 
issues are sought so eagerly that it is not necessary to pay hJ^ 
rates of interest. In a few places, sinking funds have been 
neglected and the fin^nrinl standing of the community suffers 
in consequence. 

A second type of bond is known as the annuity bond. An 
annuity is a &ted sum paid at r^ular intervals of time for either 
a definite term or for the life of the beneficiary of the annuity. 
An annuity bond draws interest at an agreed rate, but at the 
dose of each retirement period stated in ^e bond, the payment 
to the bondholders includes both the interest that has accrued 
during the period since the last payment and enough of the 
principal to make the full payment a definite, uniform amoimt 
at the dose of each retirement period. The annual payment at 
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the end of the first retirement period is mainly for interest and 
that at the end of the last period is mainly for retiring the last 
of the outstanding principal. The advantage of the plan is that 
it retires some pHncifHil aimiuJly and thus savee the taxpay^ 
the expense of paying interest on the whole of a bond issue dur- 
ing its term. This makes atmuity bonds less expensiTe tium 
■itilting fund bonds to the county issuing them. 

The umuity bond issue possesses the advantage of requiring 
the same amount to be raised each year, during its term. The 
annual p&yments must be adjusted, however, so that the amount 
of principal retired will be some multiple of $100, $500 or $1000, 
or whatever sum is the face value of one bond. Consequently the 
actual pajrment on annuity issues at the end of a retirement period 
is not the imiform theoretical amount given in bond tables but 
an amount varying slightly from it, sometimes more and some- 
times less.' 

The serial bond issue is a type which has found favor with both 
borrowers and lenders. The farmer finds it desirable because it 
retires each year a part of the principal, and is thus more econom- 
ical than a sinking fund bond issue. The purchasers of the bonds 
like them because there is a strong pubho sentiment in favor of 
serial bonds, which gives them standing as a good type of invest- 
ment security. It is the least expensive method of borrowing 
money by issuing bonds, as an examination of the accompanying 
tables will show. 

One defect of serial bonds for certain classes of pubhc im- 
provement is that the heaviest payments for interest and the 
retirement of principal must be made in the early yeais of the 
term of the bonds, before the work for which they pay has yielded 
any returns. Consequently what are known as deferred aerial 
bonds are now used to meet such conditions as often arise in 
road districts. With such a type of bond, no principal is retired 
until a certain period, usually five years, has elapsed. During 
this period interest is paid but nothing more. Thereafter the 
principal is retired by uniform amounts luid the interest changes 
are met just as in the case of straight serial bonds having a term 
shorter by five years, or whatever is the deferred period. In 
this way a road district need not pay anything but interest until 

' The following comment on thia type of bond hu been reeeiTed from 
John 9. HajTU, of the b&nking house of Sidney Spitier and Compan;, 
Toledo; "We would not suggest 70UT recommending the installment 
(annuity) bonds, aa they are very hard to figure and hard to diapow of. 
It is necessary to figure each year when you collect your oouponfl the 
amount of principal and the amount of interest. A aerial bond answers 
kk. —me purpose snd is much more attractive to the investing public. 
DOnds should not be issued in any other way than aa seria' ' '~ 
laia wrong." 
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the improvemente have be^un to yield a return and it need not 

Ky BO miicb for the use of money as wheo it issues sinking fund 
nda. 

The question which taxpayers generally put to public officials 
r^farding a bond issue is what increase such an issue will make in 
tl^ ann^ taxes. A series of examples will show how the ac- 
companying tables can be used to answer such questions. 

What is the tax rate for a $300,000 issue of 5 per cent, 40-year 
bonds, retired by a sinking fund drawing 3 per cent, when the 
tax valuation of the road district is $9,300,0007 

The table of the annual cost of ainkuig fund bonds shows that the 
annual cost of a $1 bond of this class is 6.326 cents. The annual 
cost of a $300,000 issue will be $18,978. The additional tax per 
$100 valuation in the district will be $18,978 -i- 93,000 = 20.407 
cents. Any taxpayer can find out what his additional tax will 
be by multiplying 20.407 cents by the number of hundreds of 
dollars worth of property for which he is assessed. If his prop- 
erty is assessed at $2000, for example, his additional tax for 
roads will be $4.08. 

How much money would be saved by issuing annuity rather 
than HJplring fund bonds in this case? 

The anniml cost of a 1-dollar 4rper cent, 4D-year annuity bond 
is shown by the table to be 6.828 cents, so the annual cost of a 
$300,000 issue will be $17,484. The additional tax per $100 
valuation will be 18.8 cents, or 1.607 cents less than under the 
sinking fund system. The man whose property is assessed at 
$2000 would save 32 cents, and the district as a whole would 
save $1494.51, which would go a long ways toward paying for 
the engineering expenses of the road improvement. 

What is the least expensive type of a $300,000 issue of 6 per 
cent, 40-year bonds to the above district? 

The four accompanying tables show that the straight serial 
bond is the least expensive type, for the average annual cost of 
a l-doUar bond of tUs type is 5.062 cents. This is equivalent 
to $15,186 for a $300,000 issue. The additional tax per $100 
valuation will be 16.329 cents, 4.978 cents less than under the 
anking fund type, which will save 81 cents to the man having 
property asse^ed at $2000. The saving to the district will be 
$3792 as compared with a smldng fund issue and $2298 as com- 
pared with an annuity issue. 

The drawback of a straight serial bond can be seen from the fig- 
ures of the payment needed at the md of the first and the fortieth 
years, 7.5 and 2.625 cents respectively on a l-doUar bond. Road 
improvements do not yield any benefits until completed, and by 
deferring payment on the principal for five years, the additional 
cost to the community will average only $939 a year. The 
muTimiim annual amount will be somewhat higher than in a 
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Htraight 40-year serial issue, because the principal must be r»- 
tired in 35 years instead of 40 years, but this dittadvaDtage may 
not outwei^ tha desirability of deferring the repayment of the 
principal. 

The management of a b(md issue requires attention to all the 
requirements of the laws governing such matters and a knowledge 
ot the conditions which affect the value of bonds. Every step 
which the law requires to be taken in connection with such bonds 
must not only be taken properly but recorded fully and clearly. 
As soon as the voters authorize the issue, a statement of the fact 
should be drawn up, showing also the area, population and as- 
sessed valuation of the district, the value of its agricultural and 
industrial products, its material resources and the extent of their 
development, the banking and transportation facilities serving 
it, the existing indebtedness of the district, the condition and 
number of the schools, and all other information which will indi- 
cate the resources and character of the conmiunity' that has de- 
cided to borrow the money. This information should be sent 
to banking houses and insurance companies making a specialty 
of purchaang public bonds and, if the issue is a large one, it 
should be advertised in financial journals. There should be 
ample time between the pubhcation of these notices and the sale 
of the bonds for purchasers to make a full investigation of them. 

' Private sales of bonds for pubhc works should be discouraged 
idl sales of bonds should be publicly advertised, and bidders 
should be invited to submit sealed bids on or before a certain 
date. The bonds should be sold to the highest responsible bid- 
der who complies with all of the terms and conditions of the sale. 
The city or county should reserve the right to reject any or all 
of the bids, as a protection against any effort to pool bids and 
purchase the bonds at a price considerably less than their value. 

Some cities and counties engage competent attorneys, familiar 
with the preparation of the legal papers pertaining to bond is- 
sues, to examine the records prior to the sale and to prepare all 
necessary forms. The city or county assumes the expense for 
all such work and furnishes the successful bidder with the approv- 
ing opinion of the counsel thus engaged and with the executed 
bonds. Some cities and coimties go even further by providing 
uniform proposal blanks for the bonds and refusing to accept bids 
not made on such blank. The advantage of these provisions is 
that the seller knows he is oSerii^ a legally and validly issued 
bond, the buyer has the same assurance, and the value of the is- 
sue is certainly enhanced thereby. The seller is undoubtedly re- 
imbursed for the expense incurred in such preparatory work by 
the price he receives for the bonds. 
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YariaHont in annual co»l oj a 1-dMar »«ritd bond for different term* and 

rait* of intereit, the prtnetpol beittg retired by the «am« amount at the 

end of each year 
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Variationi in annual cott o] a t-doUar dtfened teried bond for differtnt 
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at the end of each j/ear beipnninii with th* tnd of the wixth year 



1-JS jetm 

Sixtn yeax 

Lut year 

ATerafs 

1-fi years 

Sixtn 7«tur 

Last year 

Average 

Sixu year. . . . 

I4tst y«ar 

Average 

1-S Tears 

Sixth year — 

Last year 

Average. 

l-^veare 

Sizti) year 

Last year 

Average 

l-Sveara 

Sixth year 

Lut year 

1-6 veers 

Sixtn year 

Lest year 

Average 

1-6 years 

Sixtn year 

Last year 

Average 

1~5 years 

Sixtn year 

Last year 

Average 



4.000 4.260 4.600 4.750 6.000 6.2S0 6.600 
24.000 ■ 

20.800 
13.200 



fl.OOO 
M . 26d24. 60d24 . ^6^36 .000^26. 260^26 .600^26.000 
30.860 20.900 20.960 21.000 21.060 21.100 21.200 
" "14.800 



13.40013.60018.800 



4.000 
14.000 
10.400 

0.467 



4.260 4.600 4.760 
14.26014.60014.760 
10.426 10-460 10.«6 



6.000 5.260 
16.000 16.260 16.600 
10.60010-62610.660 
10,16610.34210.616 



4.000 
B.OOO 
6.200 
e.4SD 

4.000 
8.000 
4.160 
6.733 

4.000 
7.833 
3.467 
6.200 

4.000 
0.867 
2,971 



4.260 
10.917 
0.960 
7.762 

4.260 
9.260 
6.213 
0.S36 

4.260 
8,260 
4.170 



4.600 
n.l67 
6.«7 



4.760 
11.417 
6,984 



8,000 
11.667 
7.000 



11.917 
7.017 
8.413 



8.600 
12.167 
7.034 
8,676 



6,000 
16.000 

lo.aoo 

10.867 

6,000 
12.667 
7.067 
8.900 



7.107 
2.978 
4,947 



4.260 
6,472 
2.316 



4.600 
7,000 
2.613 
4.772 

4-600 
6-722 
2.322 
4.720 



4,750 
9.760 
6.238 
6.946 

4.750 
8.750 
4,190 
6.183 

4.750 
8.083 
3.491 



4.750 
7.607 
3.093 
5.231 

4.750 
7,250 
2.619 
4.914 

4.760 
6.972 
2.328 



6.000 
10,0001 
6.260 
7.100 

6,000 
9.000 
4.200 
0.SS3 



6.260 
9.250 
4.210 



6.260 
7.760 
2,632 
6.198 



6.000 
10.000 
4.240 
6.938 



6,600 
8,000 
2.640 
5.340 

5.600 
7,722 
2,344 



6.000 
8.600 
2.6H 
8.624 
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RESISTANCE OF ROADS TO TRACTION 

Tbe reflifltance to <a«ction of a small number of pavements of 
different types, in different conditions was investigated in 1915 
by the electrical engineering department of the Massachusetts 
Institute of Technolc^. A half-ton electric delivery wagon was 
used, and each test was made by driving the wagon over the test 
pavement in one direcUon and then in the other; so that the ef- 
fect of the wind, if any, would be neutralized by averaging tbe 
results of the runs in both directions. The tests are described in 
a paper presented to the American Institute of Electrical Engi- 
neers in June, 1916, by Profs. A. E. Kennelly and O. R. Schurig. 
The results were summarized in the accompanying illustration. 

Curve 1 is nearly fiat, and the authors state that if the effect 
of air resistance was eliminated from the total resistance to trac- 
tion, tile resistance of a good level asphalt pavement would be 
about 17 pounds per ton at all speeds. Such a pavement in 
poor condition had a resistance of about 23 pounds per ton when 
the wagon ran at 12 miles per hour and 25 pounds at 15 miles. 
Theov were no tests of wood block pavements in poor condition; 
curve 2 gives the results for a good pavement. 

Curve 3 is for a good brick pavement; the effect of sli^t wear 
of bricks was to increase the tractive resistance to 25 pounds per 
ton at 12 miles and about 30 pounds at 15 miles. 

Curve 4 is for a dry, hard water-bound macadam road in fair 
condition. A similar road in a dusty condition showed an in- 
crease of 3 pounds in the resistance to traction at all speeds. A 
poor, damp road in poor condition offered a resistance of 33 
pounds at 10 miles and 39 pounds at 13 miles. Oiling a good 
watcir-bound macadam road increased its resistance to traction 
about 5 pounds, this increase gradually growing larger as the 
speed increased. 

Curve 5 is for bituminous macadam in good condition. The 
curve for another road in good condition b^an with a resistance 
of a little imder 26 pounds per ton at 9 nules an hour and in- 
creased to 32 pounds at 14 miles. An old road of this type in 
poorly patched condition offered a resistance of about 29 pounds 
at 8 nmee and 37 pounds at 13 miles. A good road which was 
recently treated and still soft had a resistance of 33 pounds at 8 
miles and nearly 36 pounds at 13 miles, as shown in Curve 9. 
A very poor, soft ToeA with many holes had a resistance of 41 
18ft 
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pounds at 7 mileB and 64 pounds at 12 miles, ehowmg what a 
rapid increase to resistance follows an attonpt to go at even 
moderate epeed over such a road. 
Tlie authors make the following commenta of the tests: 
There are three principal elements which determine the trao- 
tive-resistaQce curve for different speeds and a ^ven vehicle, within 
ihe range of conditions covered by the teste. 

The first element is a constant resistance, ibe magnitude of 
which depends on the lack of resilience of ibe road surface and 
the tires, that is to say, on the energy losses due to displa<%ment 
of tjre materia] and road-surface material. Tliis constant ele- 
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Cdbtbs Showino Rbsihtamck to Tbaotioh at Diftubbnt Spbedb 

ment would be encountered upon a smooth, level road of the 
particular type considered, in the absence of impact, air and wind 
resistance. 

The second element is an Increasn^ reoBtance with increasing 
speed due to impact loases. This refflstance results from lack (» 
smoothness of the ro&d surface and varies approximately as the 
second power of the velocity at impact. 

The third element is an increasing resistance with increased 
Bpeed. It is due to the air pressure against the front t^ the 
vehicle and varies approximately as the second power of the 
speed. 
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RE818TANCB OF BOASS TO TKACTION Idl 

The first element is called the displacement resistance, the second 
the impact resistance and the third the air resistance. The 
displacement resistance is very marked in Curve 10, for a granite- 
block pavement with sand joints. The displacement resist- 
ance varies, not only with the type and surface quaUty of the 
road, but also with the type, dimensions and quahty of the tires 
OQ the wheels. The same tires were used in the experiments by 
Kennelly and Schurig. The air resistance of a given vehicle at 
any given speed is the same for all classes of pavement. The 
impact resistance of a road depends not only on the type and 
character of the road surface and the sizes of its irregularities, 
but also on the type, dimensions and quality of the tires on the 
wheels, the we^t of the truck and the quahty of its springs. 

Increasing the gross weif^t of the vehicle by 12 per cent, 
through load, was found to have no effect on tractive resistance 
within the observed speed limits for smooth roads in good con- 
dition; but on rough roads, a distinct increase in tractive resist- 
ance with this extra weight was observed. 
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RURAL PUBLIC ROADS OF UNITED STATES 
AT CLOSE OF 1915 

Circular 8S, United Statti DeparhneiU of AarieuUure. Prevafed by the 

Divinon oj Road Eetmomiet, Office of PMic Rood* and Sural 

Bngineering. 
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10TU. 

Boau 


•^ 


^1 


"STSS- 


j*»DjjjrI. 




C5,446 
12,076 
»,713 
ei,03S 
39,691 
»,0B1 
8674 
17,905 
84,770 
23,109 
94,141 
63,370 
108,847 
111,536 
67,916 

74,08) 

ld,T7i 
96,124 
39,204 
8Q338 
16,000 
14,020 
14,817 
11,873 
80,112 
60,768 
68,0tW 
86,463 
107,9ia 
36,819 
91,S6a 

J;^ 

96,306 
46,060 

u'ssi 


6,916 
360 

1,200 
13,000 

IJSO 

3,200 
300 

3,600 
13,000 
960 
11,000 
27,000 

1,000 

1,260 
13,000 

2,260 

ffl 

8800 
8,600 
6,600 
2600 
8,000 

776 

600 

75 

1,800 

4,600 

460 
17,600 
6600 
1,100 
30,920 

300 
7,780 
9,883 
1246 
3,600 

860 
8,625 
12,000 
1,063 
8478 
4,760 
6,460 
1200 
14,060 

600 


10.7 
2.9 
2.3 
21.3 
4.4 
22.7 
8.0 
19.4 
16.3 
4.1 
11.7 
42.6 
1.0 
1.1 
23.1 
9.1 
11.7 
17.9 
46.6 
11.6 
6.9 
6.S 
8.3 
2.0 

o.a 

0.6 
12.8 
31.0 

3.8 
21.8 
12.8 

1.6 
36.8 

0.3 
21.1 
10.8 
68.8 

8.3 

0.9 
18.7 

9.3 

7.0 
23.1 

8.9 
12.8 

3.7 
18.5 

35 


$4,283,207 
1,076,178 
2,803,000 

20,763,281 
2,193,000 
3,484,944 
397,600 
6,601,136 
3,700,000 
1,974,636 
9,263,996 

13,000,000 

13,606,299 
6,510,000 
3,122,430 
3,669,709 
3,293,902 
6,630,000 
6,667,279 

10,174,788 
8,292,000 
2,900,000 
8,369,189 
3,676,318 
3,6M,000 
2e0,O0( 

684,919 
24,265,618 
6,610,000 
2,fi00,70t 

3|41oio0( 
6,182,000 
12,541,267 

694,lia 
1,000,OOC 
1,460,000 
8,503,600 
9,500,000 
1,218,100 
1,476,146 
4,018,399 
^670,702 
2,769,212 
9^960 960 

44i;29I 


S686,405 












16,571,091 










D^wan . 


'224:605 




i;i35 








572,812 


inta^v.".:::::::::::: 








lowft 


256,^5 


K«»i....:::::;::::: 






616,716 




606,327 






MarylBnd 


17,583, Iti 


Mt^uNtt.... 


18,999,992 






M BsiMippi 










34,340 










NwrHampihiie. 


3,269,789 




'662;955 


N«w York 


96,622,498 


North Carolina. 




Ohio 


8,566,275 












80,801,211 




3,907,784 












3,000 






Utah 


809,733 




3,671,664 








8,662,789 


WMt Virginia 


'130,978 




'431237 






Total 


2,461,660 


376,920 


11.3 


»26a,97«;)99 


1265,860,834 







> Of thU 1118,000 mi ntumed to the countioi in 1911 by a«t ol kgUatura. 
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REVENUES USED IN 1914 IN EACH STATE FOR 
PUBLIC ROAD AND BRIDGE PURPOSES AND 
TOTAL OUTSTANDING BONDS FOR ROADS 
AND BRIDGES AT CLOSE OF 1914 

From BuUttin SSO, V. S. Deparimeni of AgrievUure, PreTJortd by the Ogief 
of PtMie Soadt and ila Stale CoUdboratoTe 



ill 



AiiMiu 

AikuDBu 

Califonu&. 

Colorado 

Conneoticut 

Delaware 

Florida 

Georsia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentualcy 

Louisiana 

Maine 

Mainland 

Maaeachusettfl. . 

Michigan 

Minnesota 

MisBiBflippi 

Missouri 

Montana 

Nebraska 

NeToda 

New Hampshire. 

New Jersey 

NewMudco 

N«rwYMk 

North Carolina., 
North Dakota... 

Ohio 

Oklahoma 

Oregon 

FennBylvaoia, . . 
Rhode Island. . . 
South Carolina- 
SonthDakoU... 

Tennessee 

Texas 

Otah 

Vermont 

Vimnia 

WsshinKton 

West Vu^jnia... 

Wisconsin 

Wyoming 

Total or ave . . 



$3,949,019. ( 
9K,721.S 
l,622,60e.S 

19,171,984. ( 
1,987,646.: 
3,640,902:; 
511 628.( 
2,280,255: ( 
3,688,172.1 
1,371,468. E 
8,734,712.; 



14,2; 

10,187,607.; 
S,»4,048.( 
2, 474,621. ( 
1,777,572.1 
2,642,006.; 
6,000,652.( 
6,091,875.; 
9,261 ,9B8,( 
6, 468, 940. C 
3,980,377. ( 
6,513,048,; 
2,888,400. < 
1,796,277. f 
246,013. f 
1,690,464.] 
7,208,287. ( 
556,398. f 

23,231 ,964. ( 
5,Z16,«0.; 
2,40^,383.1 

14,3344246.{ 
%112,680.f 
M10,466,; 

10, 424,530. ( 
446,496. ( 
1,024,480.; 
1,217,809 -< 
2,370,560.1 
9,920,079,1 
803,070. t 
1,023,941 .( 
3,224,528. » 
7,944,717.1 
2, 483,747. ( 
0,880,240, { 



tnx 

8,63 

28.99 

123,17 

18,69 

766.60 

350.37 

41,56 

62,80 

16,45 

156,86 

394,89 

183,27 

67,79 

61. 5S 

39.10 

88.37 

603.62 

758-00 

161.13 

79.88 

85,42 

80, Z2 

19.75 

23.38 

2.23 

14176.11 

0969.00 3. 

4.64 

2.6^467.00 2. 

^6 107.00 * 

_._ ] 34.23 

6.99 351.84 3 

"■ 80.46 

J 56.64 

16 232.00 

'6 418.60 

I 33.59 

16.84 



1,810 90.6900 

" * 0.7000 

0,3600 

i.060 0.6600 

" ~ 0.4600 

1.360 0.3600 

1.6460 

1 0700 

0.4370 

0.8200 

0.3700 

0.7600 

11 

0.2 



0:1270 
0.4000 
0.4400 



900 



OM 



— 0.2B90 
690 0.7700 
.&4P 0.2QSO 
360 0.6070 
160 0.6800 
"- 0.2200 
0.1709 
0.6900 



0.3720 
0.7900 
0.2120 
0.4000 



95,418,000.00 

296,000.00 

1,467,066.00 

32,277,000.00 

90,600.00 

7 000 000.00 

1280 000.00 

6 959 199.00 

127 600,00 

1,339,000.09 

798,761.56 

^,005,357,34 

, 1,960,780,00 



705,000,00 
1,688,835,00 
786,000,00 
1^863,700,00 
10,306,522,82 
10,389,029,43 
1,411,889.00 
8,327,172,00 
622,500.00 
2,224,060.72 



38,000.00 

676,000.00 

14,011,337.00 

167,000.00 

76,822,088.00 

8,9^,300.00 



31,176,968.53 
l,4«l,000.00 
1,616,000,00 

127,647,669.00 

1,800,000,00 

460,000.00 



6,898,277.00 

14,616,017.00 

541,600.00 



6,650,994.93 

1,566,000.00 

1,303,000.00 

281,078.00 



,263,784,46 198.22 180. 79|t2.6ao|l0.3600 $344,763,082.32 



,y Google 



EXTENT OF SURFACED ROADS IN THE UNITED 
STATES AT THE CLOSE OF 1»14 



From BuUetinSQO, U. S. Department of Agrieullvrt, Prepared bu the Office of 
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MOTOR-CAR REGISTRATIONS AND GROSS 
MOTOR-VEHICLE REVENUES, 1913-1915 

Cireular 59, United State* DepartmerU of Agriculture. Prepared by 1A« 

Dinnon of Road Betmomice, Offiee of Pvblie Roade and Rural 

Engineering 



AUbamiL 

Ariiona. 

Ariunsms. 

California. 

Colorada 

CcMuiwUcut..... 

Delaware 

District of Col- 
umbia. 

Florida 

a«oiKia 

Idato. 

miiioia 

Tm tinn n 

Iowa. 

EausM 

Eentuokj 

Louioiana 

Maine 

Marylaod 

HaasaoIiuMtta.. 

Hiehigan 

Minneeota 

Miasiasipp! 

Mioaoun 

Montana. 

Nebraska 

Nevada 

NffwHanpshire 

New Jaraer 

Nffw Mexioo 

New York 

Nortii Carolina. 
North Dakota... 

Ohio 

Oklahrana 

Pennaylvania. . . 
Rhode Island... 
South Carolina*. 
Sonth Dakota... 



8,672 
fi,040 
fi,H2 
123,604 
17,768 



4,000 
'3,000 
•20,000 

2,113 
»4,e66 
45,000 



134,495 
10,000 
15,187 
86,156 
'3,000 

13,976 
80,178 
10,296 
10,000 
14,457 



7,763 

8,021 

163,797 

28,894 



7,071 
180,832 
W,916 



13,411 
1,001 
8,237 

61,360 



11,766 
M2,000 
16,700 
20,213 
77,246 

76,389 
67,862 
6,094 
64,468 
10,200 

16,385 
1,487 
9,571 

62,061 
3,090 



14,677 
17,347 
122,504 
13,61 



21,000 
24,908 
181,332 
25,032 



16,447 
112,864 160,137 

16,362 

16,000 
28,724 

195 



12,331 
14,000 
20,929 



27,646 
17,411 
75,000 



tii3,aos 

34,077 

56,420 

1,338,786 

80,047 



80,651 

2,027,432 

120,801 



13,228 
«6,000 
12,000 



20,147 
*6,736 
104,676 



160,346 432,309 



62,000 

no,doo 

138,509 

150,000 
764, 164 



21,545 
31,04? 
102,633 



114,846 19( 
93,366 «L 

9,669 

76,462 173,610 
12,000 

26,000 

3,323 

162,834 

661,446 

15,084 



023,961 

C) 
132,398 

51,146 
235,873 

27,000 



29,396 
■60,000 
125.000 



117,117 
76,600 
268,412 



373,833 

■160,640 

76,700 



1,275,727 

60,000 

41,961 

467,638 

3,000 

56,873 
841,062 
129,851 
10,000 
89,170 



1,629,852 
89,680 
66,064 



1,991,181 
123,000 
70,246 
984,622 
154,892 

108,881 

1,665,276 

206,440 

16,000 

•180,000 
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Motorcar Jtf^'ttratioM— Gmitiiuied 











■m 


uu 


»li 


IHI 


U14 


i«n 


T«m«6SM. 


'10,000 
82,00C 

s,m 

24,178 
1,684 


»19,769 
40,000 
3,263 

8,475 
13,984 

»<?§ 

63,161 
2,428 


•7,618 
'40,000 
9,177 
11,499 
21,367 

88,823 
18,279 
79,741 
8,976 


•9,000 
16,000 

3,ooa 

111,460 
83,6U 

48,866 
40,000 
1»,77( 


89,638 
20,000 
4,862 
164,267 
120,814 

60,606 
60,648 
293,680 
12,140 


'34,000 


'Ttn»> , , 


•flCooo 

218,480 
176,875 

238.717 
128,962 
431,977 
19,880 


vZikt....:... 

ViTBtnla. 

WuhinEton 

WMtVirgmift... 

WbcoMin 

Wyoming 


Total 


I,2fi8,0K 


1,711,83S 


2,446,6641 


8.192,263 


12,381,961 


18,246,711 



Does not include motor cyalea nor dmlen' uid muuifMtaran' lieenM*. 



'Regiatration law declared unconstitutional. 

* State regiatrations only. 

* Total oara registered under perennial ayatem. 
'Registrationa 1916 only. 

'Amsrioan Highvay Aesooiation received report that thwe were 138,886 
automobilea licensed on A|vil 1, 1916. 



PRODUCTION OF VITRIFIED PAVING BRICK 
IN THE UNITED STATES 



{From 


"Mintral AwourcM of the UniM StaUi, 1911") 
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TlLOa 


^""^SiiSS"" 




aewMii 






18S6 


381,601 


t3,ia0,472 


18.20 


1896 


^0,407 


^7M^686 


8.72 


1897 




8,682,037 


8.22 


1898 


474,419 


4,016,822 


8.47 


1890 


680,751 


4:760;434 


8.18 








8.71 


1901 


606,077 


6,484,134 


0.06 


1902 


617,102 


5,744,680 


0.31 






6,463,849 


9.86 


1904 


786,489 


7.667,426 


10.28 


1006 


666,879 


6,703,710 


10.07 


1906 


751,974 


7,867,768 


10.45 


1907 


876,245 


9,664,282 


11.02 


1908 


978,122 


10,667,476 


10.90 


1909 


1,023,664 


11,289,686 


11.01 


1910 




11,004,666 


11.37 


1911 


948,768 


ll,116,7ti 


11.72 


1913 


911,869 


10,921,676 


11.98 




068,680 


12,138,231 


12.66 




981,824 


12,600,866 


13.42 


1916 


963,336 


i2;2ao;S9 


12.88 
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OUTPUT OF VITRIFIED BRICK IN 1914 AND 
1915 BY STATES 



(ft- 


rm ••Mintral Rnowest of the UniUd SUOm, IBIS") 






,.,. 


Ills 




Qontitr 


V.h» 


ATM- 


QnlntiW 


Valm 


•uul 




18,679 
1.800 

16,470 
157,176 
42,937 
14,907 
60j707 

7^733 

26^217 

31,240 

293,381 

9,912 

161^200 

1^684 

67,760 
39,441 


K!48,626 
39,705 

234,865 
2,086,344 
576,892 
211,906 
694,229 

120,662 

424,170 

616.672 
3,682,230 

127,792 
2,052,676 

^.599 

899,215 
662,405 


113.31 
12.14 
22.06 
11.52 

16.03 
12.00 
14,26 
13.27 
13.44 
14.13 
11.72 
12.74 
15.50 
16.12 
16.18 
22.50 
11,14 
15.00 
10.40 
16.51 
12. SS 
12.80 
13-58 
15.26 
14.01 
10.00 
18.00 
13.27 
16.80 




1374,387 
M.784 

166,086 
1,706,360 
466,873 
300,786 
6(«,599 

62,238 

8,323 

384,458 
4,017,758 

198,387 
1,6^.618 

265,601 
841,067 
863,107 




Alabama 

Arkaneaa 

Califonua 

Colorado 

Connectieut 
and Rhode 
Idand 

Florida 

Geoivia 

lUinoia 

Indiana 


29,018 

17,103 
142,689 
86,237 
20,673 
47^611 

'f 

561 

24,154 
333,288 

16,637 
124^364 

14,861 
69,474 
69,844 


112.90 
12.00 
20.99 
11.59 

12.66 

0.66 
13.59 
13. 2G 


Kansas 

Kentucky 

Michigan 

Missouri 

Montana 

Nebradia 

New Jersey... 
New Mexico.... 
NewYork 


12.81 
10.85 
14.08 
14.18 
14.62 
22.01 
14.84 

lit 


Oklahoma 

Pennsylvania. . 


12.00 
13,18 
14,47 


Virginia 

Washington.... 
West Virginia. . 
Other StSeet.. 


17.88 
12,11 
14,26 


Total 


931,324 


«2,fi00,866 


113.42 


053,336t 


112,230.8091 


112.83 



* Included in "Other States." 

{Includes all products made by lees than three produoers in one State. 
In the total quantity and total value of vitrified brick are included, 
rupeotively, 824.359,000 vitrified brick sold for paving, valued at tllill4,- 
427, and 128,976.000 vitrified brick sold for other usee, valued at tI,Ue,472. 
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BROKEN STONE FOR ROAD BUILDING PRO- 
DUCED IN THE UNITED STATES IN 
1914 AND 1915 



(From "Stont in 


me," a. F. £«t»Utn, "Miwrai Rnoweet of 
the UmuTSMet" 
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74,914 

2600 

199,417 

1,707,230 

6,052 

300,443 

53,430 

150,524 

57,553 

41,832 


176,628 
4.000 

140,442 

982.321 
10.100 

216,064 
33,601 
84,911 
37,088 
37,049 


5Jbor(l»i 

49,972 


942,116 






113,606 
1,667,606 
6842 
728,014 
21,742 
102,617 
90,244 
34,413 










7:i78 




330,174 
21,707 
66,381 














lUiaaois 


1,838,599 

2,089,103 

19,308 

27,248 

546,878 


893,889 

1,066.360 

17,438 

20,135 

323,076 


1,625,260 

1,792,261 

32,437 

20,046 

609,996 

830 

1,747 

334,163 

738,015 

610,524 

59,733 

553,049 

23,875 


747,718 
910,482 
28,397 




Iowa , 




379,234 






6,050 
404,623 
649,144 
630,823 
46,944 
466^143 
4;690 
32,137 
20,936 
827,705 


4,660 
349,833 
694,666 
267,702 
36,172 
363,302 
1,271 
27,300 
13,746 
674,202 






274,644 
699,666 


MassachiuettB 

Michinm 




67,286 






5,186 




New Hampahire 


14,846 

1,069,749 

647 

2,900,166 

69,238 

3,088,599 

46,430 

290,648 

1,844,626 

91,872 

27,111 

11,292 

441,298 

269,161 

6,600 

14,929 

2,193,898 

213,039 

196,068 

914,296 


12,416 

822,214 

407 






2,287,264 

66,700 

3,453,360 

15,802 

218,379 

1,640,040 

61,373 

28,426 

14,120 

345.766 

196,061 

16,000 

17,878 

1,931,852 

162,777 

197,245 

1,000,667 


1,408,490 

66,128 

1,748,076 

1671267 
1,110,039 
72:266 
27,684 
11,300 
264,288 
119,218 
10,200 
13,663 
1,186,271 
87,269 
113,525 
635,618 


73,404 


North CaroUna 
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South Carolina 


26,666 
8,487 










3,750 






1,638,149 
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13,329,365 


22,710,070 


13,736,646 
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GRAVEL AND PAVING SAND PRODUCED IN 
THE UNITED STATES IN 1914 AND 1915 



£. IT. Stone 


in "Jftn«ral £e*rareM 0/ the UniUd Slatw, 1916" 
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THE REASONS FOB IMPROVING ROADS 

Good roads are desirable for three distinct reasons, which may 
be called social, business and pleasure reasons. 

Social Benefiia from Good Roads. — ^The social reasons for road 
improTementa appeal to persons living in the country. The 
women who dwell in the country districts know better than any 
others what bad roads mean to themselves and theu- sisters on 
other falrme, and how utterly drab and hopeless is life in the coun- 
try with inadequate means of communication between themselves 
and almost their next-door neighbors. The country parson can 
tell what a handicap bad roads are in his work. Preaching two 
sermons on Sunday is but a part of his labors. He must visit 
his parishioners if he is to be the guide, counselor and friend he 
aspires to be. He knows by hard experience the difficulty of 
riding or walking over muddy roads and through oceans of slush 
to those longing for his comiorting presence in time of sickness 
and death, and how hard it is to convey to those who are ill the 
things necessary for their recovery. The country doctor can 
likewise bear witness to the restraint and even suffering caused 
by bad roads. Taking men as they are in the large, the wonder 
is that there are any who would choose hi^ profession, the most 
devoted and consecrated of all that serve humanity. He comes 
when he is called and where. His chanty is unmeasurable, his 
rewards are insignificant. Time with him and with the patient 
waiting his aid is often the deciding factor between life and death; 
he knows full wdl the death rate due to isolation by poor 
highways. 

We cannot state in percentages the increase in the satisfaction 
of people with country life which follows the certainty a doctor 
can be obtained when he is needed. It is not yet possible to 
state in numerals how much better a man is for atteotding church 
regulaiiy or how much better a farmer's wife is for driving over a 
good road whenever she wishes to call on her neighbors. But 
there is one thing to which everybody will agree; the schools of 
our rural territory are one of the great defenses of our national 
prosperity, and the education of our children is one of our best 
Baf^:uard^ for the wise government of our republic. And so 
everyone will admit the importance of these figures: In eight 
typical rural counties studied by the U. S. Office of Public Roads 
during a period of five years, the average school attendance in- 
creased from 66 out of every 100 pupils enrolled before the roads 
were improved, to 76 out of every 100 after the improvements. 
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Ten per cent more children were helped, therefore, to become 
better citizens by an increase in taxation for roads amounting to 
only 9 per cent of the total tax for all pmposee. 

Bunneaa Benefits from Oood Roade. — The businees advantages 
of road improvements to the owner of a farm can be stated even 
more definitely, for they can be measured in dollars and cents. 
Li the investigation by the U. B. Office of Public Roads, just 
mentioned, the observations were carried out in New York, 
Vii^inia, Alabama, Florida and Mississippi, in districts which 
represent typical dairying, farming, minJTxg and lumbering con- 
ditions, before and after the construction of roada. The amount 
of road improvements done in each of them, which produced the 
improved conditions which Yrj3\ be stated, were as follows: 





«i.-o,«.^ 




Totol 


InpiDnd 




1,370 
400 
624 
450 
300 

1,000 
675 
800 








iJinwiddie. V». 


101 


Lee Va 








DallM, Ala 


218 















The invest^tions by the government's experts were not hasty 
observations from a bu^y or automobile; they were painstaking 
searches through real-estote transfers, public records, railway 
reports, school reports and like sources of information, studied on 
the spot until their accuracy was fully established. They were 
made from year to year, moreover, to make sure that the local 
conditions were fully understood and the annual effect of a road 
improvement was ascertained beyond question. 

Real estate transfers showed that the percentage of increase 
in the value of rural property along these improved roads in about 
five years was as follows: Franklin, 9 to 114; Spotsylvania, 63 to 
80; Dinwiddie, 68 to 194; Lee, 70 to 80; Wise, 25 to 100; Dallas, 
60 to 100; Manatee, 50 to 100; Lauderdale, 25 to 50. The 
transfers on which these figures are based are mostly for prop- 
erty within a mile of the improved roads. 

in each county the extent of the districts sending vehicles to 
the improved road was carefully determined in much the same way 
that the drainage area of a stream is ascertained. The products 
of these districte and the proportion of them hauled over the 
roads were then ascertained. The raOway shipments from and 
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into the districts were investigated. In case of doubt the actual 
travel on the roads was ascertained by counts of the vehicles and 
their loads. The average length of the haul on the roads was 
found out. From all these statistics, given in detail in the report, 
it is shown that the cost of hauling one ton one mile on the roads 
of these counties was decreased from an average of 33.5 cents 
before highway improvements were made to 15.7 cents afte^ 
ward. This saving of 17.8 cents per ton per mile amounts to 
1627,409 in all. To accomplish it the additional taxes amounted 
to only 6.3 cents per ton per mile, leaving a net saving of 11.6 
cents per ton per mile. 

Roads as Sowces qf Enjoyment. — It is unfair to object to includ- 
ing the pleasure obtained by riding comfortably through the 
coimtry as one of the returns we receive from our road taxes. 
It is just as proper to include that kind of pleasure as a justifiable 
object of expenditure as the investments for liquors, tobacco, the 
tbeatee and confectionery. E. W. James, one of the road experts 
of the United States government, recently made the following 
statement on the subject : 

The people of the United States spent in 1915 (2,500,000,000 for spiritu- 
ous and malt liquors S800,000,000 for tobacco, (450000,000 for the "mov- 
ies," 1300,000,000 for caudy, $200,000,000 for soda water and S50,000,000 
tor chewing gum. The total for these pleasures is $4,300,000,000. So I 
think it conservative to say that the average man is willing to pay some- 
thing for pleasure. There can be no question about the pleasure derived 
from riding on good roads, and that a part of the money invested in such 
roads can De logically justified on the score of this pleasure. After all, 
the total annuaTexpenoitures on roads in the United States is only equal 
to our purchase of candy and merely one-eighth of the money spent on 

The Townsman's Interest tn City Roads. — ^When the average 
townsman dresses in the morning, a large part of the clothes he 
puts on are made of cotton, which has to be teamed over a good 
many miles from the plantations to the shipping points. If he 
has fruit, cereal, eggs and toast for breakfast, let us say, about 
everything he eats has been hauled over several miles of roads, 
either to be shipped to him or to the mills where it is prepared for 
shipment. A large part of the furniture in his home and at his 
office has been made from hardwood hauled over the roads. 
These and other things which anybody can list for himself must 
all vajy in price to the townsman with the cost of hauling them 
from the farms and forests to the mills or railroad stations. Just 
what this fact means has been stated by J. E. Pennybacker, the 
highway economist of the United States Office of Public Roads, 
aa follows: 
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The public ra»ds throuRbout the country, which oonatitute the primu; 
means of transportation for all agricultural products, for manv milliona 
of tons of forest, mine and manufactured proaucts, and nhich (or a large 
percentage of fanners are the only avenues of transportation leading from 
tiie point of production to the point of consumption or rail shipment, 
Itave been improved to only a slight extent. Bv reason of this fact, the 
prevaiiing oost of hauling over these roads is aSout 23 cents per ton per 
mile. More than 3SO,00O,O00 tons are hauled over these roads each year, 
and the averase haul ia about 8 miles, from which it can readily be seen 
that our «Tiniiai bill for hauling over the public roads is nearly t650,000,000. 
The cost per ton-mile for hauling on hara surfaced roads should not exceed 
13 oents. It is therefore evident that if our roads were adequately im- 
proved a large ■.nnual saving in the cost of hauling would result. 



The differ^koe between 23 and 13 cents is 10 cents, which ia 
the toD^nile tax of poor roads which the city people pay, for most 
of the haliling is toward markets or shipping points and the cost 
of this hauling is part of the total expense of products of the land 
to the consumer. The total is about $280,000,000, which the 
45,000,000 people hving in the cities and towns of the United 
States p^ annually on account of poor roads. This averoges 
over 16 a year per person. 

Poor roads put a much more serious drain on the townsman's 
pocket-book, however. His food is costing faim more eveiy year, 
and he tha«fore has a very close, personu interest in hthmg the 
agricultural lands fanned in such a wa^ that they yield their 
largest returns at the lowest woridng cost. This means more 
than producing milk and vegetables at a low cost; it also includes 
raising at low expense the wheat and com from which his flour 
and meal are made, producing fowls and hogs economically, and 
reducing the cost of growing cotton. How many intelhgent 
young men, able to earn a good living in a city, will live in the 
country if they have to travel through miles of mud or dust, at 
decided physical discomfort, in order to market their products, 
meet their friends or buy tiieir supphes? How many young 
women will be willing to live in the country where bad roads 
isolate them, with only the sparrows for companions, with the 
doctor almost inaccessible, the schools difficult for the children 
to reach, and church-going a real labor? Yet if the townsman ia 
to have the things he eats grown for him efficiently and economi- 
cally he must take his part in making country life agreeable and 
profitable to these intelligent young people. It means a saving 
of dollars and cents to hmi. 

Our American Roads. — ^The length of the rural roads in the 
United States at the close of 1915 is given in the table on page 
192. This table ^ows that only 11.3 per cent of the total mile- 
age at that time had been surfaced, snd that only 2 per cent bad 
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hewk built by the state highway departments or with more or less 
financial or engineering dssistafice from the states. 

It has been estimated that about 80 per cent of the total travel 
on these roads is done on about 15 per cent of their total length. 
The percentages vary in different states. The Iowa Highway 
Commission found that from 10 to 15 per cent of the roade of each 
county are main traveled routes, which it is proper to construct 
and maintain, under the Iowa h^way laws, at the expense of 
the county as a unit. The remaining roads are of less general 
UBe and are constructed a^d maintained by the townships through 
which they pass. 

This division of our highways into main routes and local roads 
is of fimdamental importance in road administration. Public 
money must be used so as to yield the greatest good to the ^^t- 
est number of people. But it is human nature for a man living 
a mile or more from a main road to complain that he is unfairly 
treated if he must travel over a dirt road part of the way to town 
while a neighbor has a good, hard-eurfac^d road running by his 
place. As a matter of fact, although the hard road does not 
reach his farm it does help hjm matmally, as Prof. B. K. Cogh- 
lan, of the Texas Agricultural and Mechanical Collie has 
shown by a recent investigation. He reports: 



roads eictend only about 8 miles from town, the faimere living several 
miles beyond haul wood during the dry spells and pile it at the end of the 
n^vel road: then when bad weather comes and it ib impossible to work in 
the Gelds they haul this wood to town. In another case two teams are 
used until the improved road is reached, when one team is unhitched and 
left with a friend, and the man proceeds to town with the other. In a 
third instance, where it formerlv took two days to haul a load to market, 
since a good road has been built for about one-half of the distance, two 
wagons, with two teams each, haul one day until the good road is reached 
when all the load is put on one wa^on, which proceeds to town with one 
team, the other three teams returning home. 

Our main roads which cany four-fiftha of the traffic present 
problems which are often quite different from those of the local 
roads. Highways must be built to carry the traffic over them at 
the lowest [Ktssible cost for both construction and maintenance. 
Where the b-affic is light, as on local roads and some main roads, 
comparatively inexpensive types of construction can be main- 
tained at small expense and are ther^ore better than more ex- 
pensive types because more miles of them can be provided for 
the same total cost than is the case with expensive types of con- 
struction. As a rule, however, we are trying to get too much 
work from inexpensive roads and at the same time we are neglect- 



,y Google 



RBA60NS FOB OCFBOVINQ BOADS 205 

ing to maiatain them in a conditioD for giving the most service. 
For many years to come, a large part of our roads will be earth, 
top-eoil, sand-clay and gravel. That is no reason, however, for 
their being mud holes in wet weather or sources of blinding dust 
in dry weather. Well graded, drained and maintained roads of 
these types are pleasant to ride over and inexpensive to maintain, 
unless they are called upon to carry more travel than they are 
capable of supporting. Then they fail just as a beam fails when 
it is overloaded. The beam is all nght for a given loading, but 
tdl wrong for a greater one. A road may be all right for a c^ain 
travel but all wrong for a greater travd; the failure to recognize 
this is responsible for a large part of the waste of road taxes 
today. 

Different Classea of Road Improvementa. — The improvement of 
roads comprises s number of classes of work. People who speak 
of road improvements in Missouri probably refer to grading and 
draining, white road improvements in Massachusetts usually 
signify the construction of a hard surface on a road already 
graded and drained. Such use of the word "improvements 
indicates how varied are the really pressing highway needs of 
different parte of the country and the importance of studying the 
local resources and transportation requirements of a district be- 
fore planning the improvement of its roads. 

The first thing to be considered in planning good roads is the 
amount of money which it is wise for a community to spend for 
them. Most estimates of this nature are based on the existing 
annual tax receipts available for the purpose. This is not the best 
basis for a sound judgment. A family of three persons can make 
an income of $1800 go farther than a family of six persons can. It 
is the same with rdiads. To find out roughly how much money 
can be devoted to road work it ia best to divide the assessed valu- 
ation of the district by the miles of roads in it. This gives the 
valuation, or taxable wealth, of the district per mile of road. 
For instance. Lake County, Mich., has a valuation of only $5420 
per mile, showing that not even the entire wealth of the county 
IS sufficient to improve all it£ roads. Wayne County, Mich., on 
the other hand, has a valuation of $514,931 per mile, indicating 
its financial ability to carry out any kind of road improvements 
in reason. In a rich agricultural district like Calhoun County, 
Mich., the vahi&tion is $52,294 per mile, indicating that it is 
financially able to conistruct whatever kind of main roads may ' 
be best suited for the travel on them. We look with pity on the 
young saleewoman who spends all her money on clothes she does 
not need, and yet we complain when a county with a very low 
valuation per road-mile is not intersected with roads as smooth 
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as the top of a bilUard table. This shows that we have our fool- 
ish ideas, like the flighty saleewoman. 

There is a measure of the need for roads, just as there is a 
measure of the financial resources for roadbuilding. This meas- 
ure is the travel the road is carrying now and l^e probable in- 
crease in the travel during the next five to ten years. The im- 
provement of a coimtry road resulls in the slow development of 
property along it, so that there is a slow annual increase in 
what is called the residential travel. If the road is on a throng 
route between important cities some distance apart, there may 
or may not be a material increase in the foreign travel, by whidi 
is meant the travel between these cities. This can only be de- 
termined by a study of local conditions. The residential travel 
can be actually counted, however, and this ought to be done. 
The state highway department or the United States Office of 
Public Roads and Rural Engineering at Washington will furnish 
instructions for the work, which can be done by school children 
under the direction of their teachers. This is a kind of child 
labor which no reformer will weep over and the efficiency expert 
will approve. 

The travel over a road wears it out in different ways, according 
to the number and character of the vehicles, the relative propor- 
tion of horse-drawb vehicles and automobiles, the climatic con- 
ditions and the construction of the road. For the same travel, 
a road adopted for a moist section with cold winters is needlessly 
expensive for a dry section with little frost. Some types of roads 
wear out quickly but are easily maintained, other types with- 
stand travel well but when they need repairs the work is expen- 
sive. All these things must be considered in determining the 
annual cost of a road, which is done in the following way. 

The first elonent of this cost is the first coat of construction pw 
mile of road, including all engineering expenses. Knowing the 
travel over the road, an expert can estimate the number of years 
such a road will serve its purpose, if properly maintained, before 
reconstruction is necessary. litia cost divided by the number of 
years of service gives the annual first cost. To this must be added 
the annual interest on the first cost per mile. If the construction 
costs are met by the proceeds of a bond issue, the interest and 
sinking fund charges on the bonds take the place of the annual 
first cost and interest just mentioned. The annual coat per mile 
of maintainii^ the road in serviceable condition is the last item 
to be estimate. The sum of all these items is the total annual 
cost per mile of the road, and this figure is the most important 
one to the taxpayers. But another unit for measuring cost, 
which is sometimes very useful, ia the cost of the road per vehicle 
mile. This is obtained t^ dividii^ the total annual cost per 
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mUe by the number of vehiolee iiang the road annu&Ily. The 
type of CQUEitruction which gives the lowest cost per vehicle mile 
ia generally the best to employ. 

While the preceding notes explain the steps to be taken in 
planning a good road, they cannot supply the good judgment 
necessary to take the steps wisely. We admire the skill of a 
slack-rope ra^mnast but we are not foolish enough to emulate 
him. The Sill and knowledge needed to select the right type of 
construction for a road are greater than those required by the 
slack-rope performer, and yet our minds are so warped by con- 
stant use of roads that we are strongly inclined to think we are 
able to do the work of road engineere. We will be losing mon^ 
in our road planning untU we stop this fooliahneoB. 
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The Standard of Comparison 
for Paving and Road Materials 

To claim that a paving or road-building material is as good 
as Trinidad or Bermudez asphalt is considered the strongest 
endorsement that can be brought forward. 

But the materials for which this claim is made are usually 
new and untried, and year after year one "Just-as-good-as- 
lake-aspbalt',' follows another into oblivion. 

Bermudez Trinidad 

Road Asphalt Lake Asphalt 

Meanwhile the use of the lake asphalts steadily increases, 
and their position as the standard materials by which all 
others are judged is more firmly fixed (1) by the continued 
good service of natural asphalt roads and pavements, some 
of which, though 30 years old, are in service today; and (2J 
by the duplication of unfortunate experience with artificial 
or manufactured asphalt. 

Engineers and officials with reputations to preserve, and 
taxpayers whose money is to be spent may well consider also 
that even if there was any material for paving and road- 
building equahng the lake asphalts in stability, dependability 
and long life, it would take 30 years to prove it. 

THE BARBER ASPHALT PAVING 
COMPANY 

PHILADELPHIA PENNSYLVANIA 
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SEND FOR THIS FREE BOOK 



A practical BOOK for engineers, contractors and 
public offcials. Obtain your copy by writing the 
Service Department of 

The Atlas Portland Cement Company 
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Road Materials, Etc. 

The Barrett Company has a record of forty years in fur- 
nishing paving materials. Its experience and reputation 
gained through the years are coupled with progressiveness. 
Its engineers and chemists are constantly at work on the 
solution of new problems. Each year marks a distinct 
advance. 

Barrett materials combine knowledge and experience. 

"Tarvia-X" is used as a binder in the construction of mac 
adam roads. 

"Taroia-A" and "Tarvia-B" are used for maintenance on 
many kinds of roads. 

Barrett's Paving Pitch is used as a filler on stone block, 
wood block and brick paving. Special grades are made to meet 
every requirement and a new mastic filler has been developed for 
use in stone and brick pavements. 

Barretf* Carbosota CreoMote Oil is designed for preserv- 
ing all tunber used in highway fences and bridges. 

Barrett's Everjet Paint is a black paint designed for pro- 
tecting exposed ironwork. 

Booklets and particalara on ragawcf 
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Company 



New York Cbicago FhDuklphii BoitoD St. Loua Cleveland 

OiKiDuti Ftttabmib Detroit BimuDghun 

Kutu Cit7 Mmnapolii Salt Uki Cit) Scatlli Peerii 

THE BARRETT COMFANV. ijucnn: Monlrul Tomita Wtonlpd 

St. John. N. B. Halilu. K. S. Sybuy. K. S. 
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The Literature of 
ROAD MAKING and MAINTENANCE 



Od our shelves is the must complete stock of technical, industrial, 
engineering and scientific books in the United States. The technical 
literature of e\'ery trade relating to road \t-ork is well represented, 
as is every branch of Civil Engineering. 

A large numl>er of these we publish and for an ever increasing 
number we are the sole agents. 

ALL OUR INQUIRIES ARE CHEERFUXLY AND CAREFULLY 

ANSWERED AND COMPLETE CATALOGS AS WELL AS 

SPECIAL LISTS ARE SENT FREE ON REQUEST 

D. VAN NOSTRAND COMPANY 

Publishers and Bookseixerb 
25 park place new york 



UNION OIL COMPANY 
of California 

ASPHALT— ROAD OILS 

Los AntalM Smn Prmndaco 

CALIFORNIA 

GLUTRIN ROAD BINDER 

ParticuUn Ima 
ROBBSON PROCESS CO. 

II Eut 41*t SITHI 

Naw York City 

EDWARD A. CLARK 

Mininc uid Drilling EiifinMi 

Afphllt. ChI. MtnnncM uid Zinc PropertK) 

foiStIc 

PBTk Row Bulldlog Nnr York Cltr 



T. HUGH BOOKMAN, C E. 

CooauHiDt Enxmrcr 
Foffti6cHti«u ud HIlitAiy Roadi 
City PivoiiBiU (ml Effinencj 
'■•blntton BuUdlnft. N«« Yoik Clqr 

W. B. SPENCER. C E. 



ROAD MACHINERY 

M Cbiucb Stmt N«r ToA 

NEW YORK MASTIC WORKS 

£(tdilUiHl IBTl 

Original Inpoitcn of Nenchild ud ScyHd 

Rdck Aiptiati 

Wii uid Nivy ntiiutDiaU 

SpccUuU JD A^iIkII cmUtructina 

T. HUGH BOOKMAN, CMu. Ew. 



ASPHALTS 

m* Rowl EdHkabr 
T. HUGH BOORUAN; C £. 

PriiT, tl.OO 

W. T. COMSTOCK CO. 

U Wamn Stmt Nrm York City 
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How to Save Transportation Costs 

lathe 

Question of the Hour 



Wl LLITE 

TRADE MARK REQ. U. 5. PAT. OFFICE 



Pavement for Military Roads 
and Country Highways 

Patented U. S. A., July II, 1916 

Tho Invention of H. P. WILLIS. B.E., M. Am. Soc. C. E., (onnerly 

Chief Engineer N. Y. Stale Highway Department 

Willite has the overwhelming commercial advantage over all other 
types of pavement (which have to pay 100 per cent, of all material entering 
into their constnietion) because about 85 per cent of all the raw material 
(native miaeral aggregate), used in both the WILLITE foundation and 
WILLITE wearing course costs nothing, aa it is obtained right in the road 
itself or adjacent thereto. This filler can be the run of the road without 
■election, no matter what the character of the soil may be, such as mixed 
earth, sand, gravel, shale, sedimentary sand, disintegrated granite, etc. 

Willite Road Construction Co. 

of America. Inc. 
51 Chambers Street NEW YORK 
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THE FIRST COST 
TCOST 



"I believe in a paving programme based 

on future needs. I use Improved Granite 

Blctck Paiing^once down no more worry." 

—The Mayor. 

"I am for Improved Granjte Block Pav- 
ing every time — it gives my horses a good 
sure footing and saves delay." 

—The Driver. 



stc loiMj'a N«ceMl7 

;nt need is tor better streets, traffic 
'er made such demands as now. 
e your streets permanent, eliminate 
ig, speed up transportation in your 
ake it safe. 

/ed Granite 
ck Pavin9 

vongest Life 
No Repairs 
> Maintenance 



"I am always safe from skidding and my 
bralces hold on Improved Granite i Block 
Paving. —The Chauffeur. 

"I am first, last and always for the mayor 
or the official who puts my money into 
Improved Granite Block Paving. Once 
down— down forever." 

—The Taxpayer. 



Good Material Well Laid is At»oIute Economy 

Granite Paving Block Manufacturers' Ass'n 

<^ the U. S. A.. Inc. 



31 State Street 
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Asphalt Blocks 
for 

Resurfacing Country Roads 



A REAL PAVEMENT ON A REAL COUNTRY ROAD 

ALBANY POST ROAD, TOWN OF MT. PLEASANT, N. Y. 

LAID 1910 

Part of an Eight Mils Stretch of Asphalt Blocki 

The Asphalt Block is a composition of Trinidad "Lake" Asphalt, crushed trap rock 
and inorganic dual, thoroughly mi^ii^d at a t:;mp;rature of 300°F., and pressed into 
block form by hydraulic presses working und;r the tremendous pressure of 240 
tons per block. 

The manufacture of Asphalt Blocks is now a national industry with plants in 
many parts of the country. The use of Asphalt Blocks has reached a total of 
over fifteen million square yards. 

Asphalt Block Pavements are Durable. Reasonable in Cost. Pleasing In Ap- 
pearance, not Affected by Extremes of Temperature, Noiseless and Sanitary. 
The field for .\sphalC Blocks is by no means limited to their us: on public streets 
and roadivays. They are used extensively for the wearing surface of piers, ware- 
houses, loading platforms, bridges and factory floors. 

Asphalt Blocks have stood the test of time 

For further informatian addrcai 

THE HASTINGS PAVEMENT CO. 

2S BROAD STREET NEW YORK CITY 
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ASPHALT FILLER 

Asphaltic Roadway Gravel 
Roofing Gravel 



[MASCOT) 



AMERICAN BALLAST COMPANY 

I2I6I-11I9 HoUton National Bank Building 
KNOXVILLE TENNESSEE 



Societa Sicula per I'esplotazione dell' 
Asfalto naturale Siciliano 

(Own Mines and Works at Ragusa, Sicily) 

HEAD OFFICE AT PALERMO, VIA GIRGENTI 3 

Cable Address, Rotland, Palermo. A. B. C, 5th Ed., Code used 

Exportation of 

SICILY NATURAL ROCK ASPHALT 
SICILY ASPHALT POWDER IN 50 KILO SACKS 
SICILY ASPHALT MASTIC IN 25 KILO BLOCKS 
COMPRESSED SICILIAN ROCK ASPHALT SLABS 

MANY MILLIONS OF SQUARE METRES IN BERLIN, PARIS, VIENNA. 
BUCAREST, GLASGOW; CAIRO, EGYPT, AND ATHENS, ALSO IN MONTREAL 
(CANADA). AND IN NEW YORK. PHILADELPHIA. BOSTON, NEW ORLEANS 
AND OTHER ATLANTIC PORTS IN THE UNITED STATES HAVE BEEN 
LAID WITH SUCCESS SINCE I8&8. 

T. HUGH BOORMAN. Consulting Engineer 
I Broadway, New York 
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tOM A EOEHRIHG MIXER 
ng re-mixing action— every 
batch uniform to the last 
shovelfull 

Koehring boom and bucket 
distribution makes possible 
the use of creamier concrete, 
handling any consistency of 
concrete with the positive 
speed of power drive. 
Koehring re-miztng action, 
automatic water measuring 
tank, and batch meter which 
times the mixing period for 
each batch standardizes con- 
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